20

" of the AGS but not an 1ncrease in~ the beam energy._ It is approprlate flrst

‘ to ‘consider the 1nten31ty level of the prlmary beam whlch will cause radiatlon

The design goal of Phase T of the Conver51on Program calls for 1013 protons _fu

13

BROOKHAVEN NATIONAL LABORATORY
Associated Universities, Inc.
" Upton, L.I., N.Y.

ACCELERATOR DEPARTMENT
A Report Prepared for the AEC Advisory Panel on Accelerator Safety

SHIELDING OF THE AGS FOR THE CONVERSION PROGRAM

Staff

July 15, 1966

-

I. Introduction

G.W. Wheeler

o

The proposed increase in the beam intensity of the AGS resulting from
the AGS Conversion Program will require additional shielding for the synchro-
tron enclosure. The existing shielding is barely adequate for the present

operafional level of about 1012

protons accelerated per pulse. This report
describes the proposed increases in the synchrotron shielding and discusses
the calculations and measurements which were made to determine the shielding
requirements. Also included are a description of the proposed structural
work required to support the shielding and brief discussions of activation,
radiation damage and personmnel safety procedures. This report is intended to
supplement the material presented in BNL-7956, "A Proposal for Increasing the
Intensity of the Alternating-Gradient Synchrotron at the Brookhaven Nationai
Laboratory," May 1964, and BNL-9500, ”Altegpﬂting—Gradient Synchrotron Con-
version Program, Scope of Phase I," September|1965. In addition, modifications
to the proposed increase in shielding are dis\ussed on the basis of furthe:

} S \ )
studies which have been conducted since the last report was issued.
: .T

The AGS ConverSLOn Program proposes an 1ncrease 1n the beam . 1nten51ty B f ﬁ*_ﬁ'

accelerated.per second. Phase II calls for 2 X 1077 protons accelerated‘per_f::ff
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second.
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These numbers are also the number of protons accelerated per pulse

because the maximum design repetition rate is one pulse per second, with no

flat-top.

it is expected that a flat-top will generally be used (provision

is made for a one second flat-top), in which case the average accelerated

intensity will be lower by a factor of 2. However, it is important to design

the shielding with due concern for the highest intensity to be encountered.

Furthermore, while only Phase I is presently proposed, it is desirable to

consider the future requirements of Phase II since it is difficult and costly

to modify the shielding once it is in place.

Extensive use will be made of external beams. In fact, the operational

plans are based on allowing only a fraction of the accelerated beam to impinge

LY

on an internal target or other part of the synchrotron proper. The shielding

and radiation problems could be reduced substantially by completely elimi-

nating the use of internal targets, but this would reduce the flexibility of

the experimental program for the machine seriously. A reasonable compromise

between internal and external target operations and general machine efficiency

has set the following limits for the number of protons per second impinging on

internal targets or other parts of the synchrotron (primarily septum magnets):

-

L.

Internal targets, restricted to the F-20 and G-10 locations

(but with the possibility of a target at I-10):
12 12
For Phase I: 2 X 10 p/sec For Phase II: 4 X 1077 p/sec

This is the total time average figure for all internal targets.
However, under certain circumstances, this entire amount could

be deposited on one target.

In the extraction process:

' 2
For Phase I: 1012 p/sec For Phase II: 2 X 10%? p/sec

This assumes a 90% extraction efficiency for a fast beam pulsed
once per second and 80% efficiency for a slow beam pulsed once
every 2 seconds. External beams are proposed to be extracted

at B~10, F-10, H-10 and I-lOf

Thus, the maximum loss will be 4 X 1042 protons/éec at any point around the

synchrotron. Because of the wide distribution of targetihg and extraction

locations and the uncertainty about future needs, it has been decided to
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shield the entire enclosure for the maximum loss, thereby allowing the

max imum flexibiiity. There is little difference in cost between shielding
now for 2 or & x 1012 protons/sec, whereas to add shielding later coﬁld be
far mbre expénsive. Consequently, the shielding is designed for &4 X 1012

protons/sec stopping at any point as the source of radiation.

The recommended permissible levels of radiation for both radiation
workers and the general population have remained essentially unchanged since
1956. Present AEC regulations1 require levels of radiation to the general
population off-site to be less than 0.5 rem/year corresponding to 0.06 mrem/
hour for permanent occupancy. Radiation workers of age N years are permitted
an accuymulated whole body dose of 5(N - 18) rem, with a maximum exposure of
3 rem in any quarter. In accordance with present practice this can Ee inter-

preteé to imply 5 rem/year or 2.5 mrem/hour for a 40-hour work week.

service areas arvound the accelerator such as offices, shops, and labora-
tories will be kept to less than 0.25 mrem/hour. Operating areas near the
synchrotron including experimental areas will, in general, be kept to less
than 2.5 mrem/hour; certain beam paths, etc. which may have higher levels
will have controlled access. Remote areas around the accelerator ring may
on occasion have higher levels than 2.5 mrem/hour; these areas are seldom
populated by radiation workers and will in all cases be fenced and access
permitted only under controlled conditions. During maintenance of the ring,
whole body dose will be limited to 5 rem/year; however, AEC regulations
~permit radiation workers to receive 75 rem/year to the extremities with a

maximum of 25 rem in any quarter.

The shielding for the Conversion Program must provide for safe condi-
tions with 4 X 1012 protons/sec targeted. In addition to personnel safety,
it must be remembered that radiation escaping from the shield also contributes
backgfound to experimental detection equipment located at or near thé~AGS and

the background requirements for these experiments may place more stringent

1. Rules ‘and Regulatlons, Tltle 10, Code of Federal Regulathns
~ (AEC, Washington, D.C., June 1962), Chap. 1, Part 20; Standards-
of Radiation Protection, in Atomic Energy CommlsSLOn Manual
(AEC, Washington, D.C., May 1964), Chap. 0524,
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requirements on the shielding than does personnel safety. The foregoing
facters have been considered together with structural and economic factors
to arive at the final design proposal for the shielding thickness over the
AGS tunnel. The existing sand cover over the AGS tumnel is nominally 10 ft
thick. However, there are several areas where the sand is considerably
thinner. It has been decided to increase the sand cover over the tunnel to
a fuil 20 feet,* with provision to a&d 5 feet more if neeaded at a later date.
In the special sections of the accelerator where sand cover cannot be used,
an equivalent amount of other materials (concrete, steel) will be used.

This amount of shielding (with fencing in certain remote areas) will lead

to a completely safe situation for all personnel.. Furtherﬁore, the general
radiation background around the‘accelerator is expected to be lower than it
is at present. Leakage of radiation through the ducts which penetrate the
shield will lead to somewhat higher levels in localized areas and these will

be fenced off as necessary.

In Section II of this report, the use of 20 feet of sand cover is demon-
strafed to be adequate on the basis of the standard and proven techﬁiques of
shielding design. In Section III, the preliminary data from a series of
radiation measurements around the AGS are reported. While it is perhaps
still, premature te draw final conclusions from these data, the tentative
results are interesting. Of significance is the fact that these reeults
suggest that the proposed shielding for the Conversion Program may be some-

. what more conservative than shown in Section II.

AIt Wiil be_nbfed that this figure is as originally proposed (BNL-7956) and
the discussion justifying this amount will be found on pp. 224-232 of |
BNL-7956. :
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II. Calculation of the Shielding Requifements

S.J. Lindenbaum

Because the Conversion Program for the AGS entails only an increase in
the circulating beam intensity and not an extension to an unknown energy,
forecasting the shielding thicknesses (as far as dose rate is concerned) is
straightforward. The dose rate is proportional to the circulating beam
intensity, hence measurements made at the existing intensity can be relied

supon to predict the dose rate at the same point of measurement to within the

accuracy of the measurements, if the shielding arrangement remains constant.

As a consequence, we have much confidence in a result which is based

upon a measurement program and which is comsistent with reasonable calculations.

An extensive series of measurements was performed to assess the levels
and character of the radiation emanating from the present Target Building
shielding and the earth cover over the ring under certain standard target
conditions. In addition, the normal radiation monitoring provided radiation
data under a considerable variety of operating conditions. TFor a given shield
geometry, beam energy, and mode of operation, the radiation character does not
change with intensity, and the dose is strictly proportional to source inten-
sity. Thus, it has been possible to predict quite accurately the levels at
the outside of the present shielding as a function of intensity. Therefore,
the problem essentially reduces to adding sufficient shielding to reduce the

increased radiation levels to the desired levels.

In BNL--79561 the general conclusion was reached that the AGS shielding
. arrangement was reasonably well balanced for levels of beam intensity
~1.3-x 101t

increase, supplemental shielding which gave a factor of about 30 further

protons/sec. It was concluded that for the Phase II intensity

attenuation at all exterior parts of the shield would meet the specification
that the shielding be sufficient for & X 1012 protons/sec lost at any point

in the ring. -

1. "A Proposal for Iﬁcreaéing the Intensity of the Alternating-Gradient
Synchrotron at the Brookhaven National Laboratory,” BNL-7956, May 1964.
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NOW let us consider the question of the effective removal mean free
path, and the method of calculation to be used in estlmatlng the required
additional shielding. A discussion of the various terms and methods used

. Py . . s, )
is given in Reference 2, However, a brief resumé may be of interest here.

The mean free path for removal (Kr) is that thickness which reduces
the radiation parameter measured to l/e of its value. The half value thickness
for removal (d%) is that thickness which reduces the radiation parameter
measured to one half its value. The mean free path for removal is related

to the half value thickness by Ar =d,/0.69 .
2

In a shield for a high energy (33 BeV) proton synchrotron such as the
AGS, ‘the mixture 'of nucleon, pien, and muon components of the beam and the
well-known extreme forward collimation of the high energy pions and nucleons
produced originally* give the shield characteristics a very directional multi-
component character which changes with distance. Furthermore, due to the high
energy, the approach to truly equilibrium exponential attenuation may be slow
under many circumstances, requiring many mean free paths, and may not be com-
plete until most of the muons generated in the air drift spaces and first few
mean free paths of shield are stopped by ionization loss. Also, the effective
radiation pattern may be changed drastically by the targeting conditions and

the exact geometry of material surrounding the target.

These phenomena have been well known for a long time and sbields2 much
thicker in the forward direction than to the side have been used for many
years  at the Brookhaven AGS and at CERN in order to attenuate the muon com-

ponent which is the controlling element in the forward direction.

Of course, if the shield is thick enough, one should expect eventually

to reach a near equilibrium and approximately isotropic condition again with

2. $8.J. Lindenbaum, "Shleldlng of High Energy Accelerators,'
Ann. Rev. Nucl Sci. 11, 213 (1961).

The productlon process 1s characterlzed by a "momentum ‘transfer Squared“

invariance. This means, at least for not too large angles, that the

angular width of the hard component's distribution decreases 1nverse1y

with the mean momentum of the secondaries.

.
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one controlling, well defined removal mean free path corresponding to the
high energy, strongly interacting components. However, we know we are very
far from this condition in the forward direction at AGS and special consider-

1,2

ation must be given to the muon problem. But it is well known™*~ that parallel

side .shields are most effective for this type of accelerator.

There are two different definitions of removal mean free path generally
employed in accelerator shielding calculations; one is the good geometry
meanifree path (Kg) which is strictly defined for amn isotropic poinf source
surrounded by a spherical shield starting at a distance Tye The appropriate

equation utilizing this mean free path is:

. 2 _
T
(R.F.P.)_ = (R.F.P.)_ X —= B(r) e (x ro)/kg ,
r T 2
. ° r
where R.F.P. stands for radiation flux parameter,

8(r) is the build-up factor. For r - r, >> lg, B(xr) tends

toward a constant value.

This formula can be generalized for the anisotropic situation to:

B(r,9) e-(r-ro)/kg .

a1
NO N

(R°F'P'>r,9 = (]'.{.}3‘.1’.)ro’e X

H

If several components are involved, sums of terms similar to these will apply.
In view of this one must be very careful in interpreting actual measurements
which deduce and compare conclusions about the removal mean free pafh from
different experiments. For example, the effective mean free path along an
arbitrary direction in a certain path in the shield may be a function bearing
no simple relationship to the effective mean free path along an arbitrary

direction at another point.

However, many experiments at Brookhaven, Berkeley and CERN have demon—
strated that h =< 150 to 160 g/cm? when a high energy nucleonlc component is:
the controlllng element (longest mean free path) in a shleld thlck enouoh f

that approximate equlllbrlum bulld-up is reached.
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A second mean free path that has been used extensively is the so-called

bad zeometry mean free path (A, ) Assuming the source o be an infinite plane,

this mean free path uses a simple exponential attenuation without a l/r2 factor.

Many experiments with geometry far from good, but not quite strictly bad
have been analyzed using this definition. In general, a good average value of
kb is abo ¢ 130 Cr/cu for ilmenite-loaded concrete when high energy nucleonic
components dominate in thick enougl shields. Thus, measurements at BNL on

attenuation in sand (Sesction IIL) should not be accepted uncritically as justi-

h

. . - - . . 2
ication for a lower mean free path than the conventional Kb:e 130 g/cm”.

In fact if one looks closely at these measurements their inherent complex-
ity is emphasized by the fact that at a thickness of about 20 to 25 feet of
sand, which corresponds to 8 to 10 feet of ilmenite, a transition in conIrollin
component seems to be taking place. The weakly interacting tails found on the
dosimeter attenuation curve appear to be muons coming from charged pions origi-
nating in the H-10 target. Therefore in adding more shielding it is even
sossible that a transverse mean frae path greater than Kb should be used in
some épots. If this should be necessary, it can be locally provided for later.
It appears that using the conventional Kb is sufficiently consexrvative at
present. A Ap ~ 130 g/cm2 corresponds to 13 in. of ilmenite and about 22.5 in.

of ordinary concrete (150 1b/ft”).

Target Building Shielding

At 1012 protons/pulse or 4 X 1011 protons/sec it has been possible to
z:tain, om the average, tolerance conditions (£ 2.5 mrem/hour) outside the
shield for targets in the G-area. A special inner shield of 2 £t of concrete
was been added around the G-target area since the earlier investization.
Therefore the conclusions are still consistent since the average effect ot
this inner target shield should be an attenuation of about 3. For general
purposé shielding to aliow &4 X 1012 rotons/sec to be targeted anywhere in-
side tﬁe Target Building shield we should discount this factor of 3, thus
leaving the earlier average tolerance estimate of 1.3 X 1011 protqns/sec.
Theréfore we still need a factor ~ 30 increase in the side wall shielding

attenuation.

Since it was also concluded1 that skyshine (or partlcles emanating from

the Target Ruilding shield roof) is appreciable and may contribute«w 50%
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the dose, it is clear that the Target Building roof shielding should be

increased also to provide an additional factor of 30.

It may be desirablel to use ordinary concrete for the Target Building
side wall additions because ground shine is already a problem (contributing
~ 30% of the dose near the floor) with the present shield. Therefore using '

ilmenite for the additional shielding would magnify the problem considerably.

Ordinary concrete requires an additional length factor of about 1.75
compafed to ilmenite. Hence (Kb) in ordinary concrete az 22.5 in. Therefore
to attain the attenuation factor of 30 we need 3.4 m.f.p., which corresponds
to 76 in. A 6 ft block of ordinary concrete is therefore selected as con-
;istent with the approximation involved in the calculations. . Since ordinary
concrete still differs in density from the sand (p and ™~ 115 1b/ft3).under
the ‘ordinary concrete floor pads, we have therefore introduced the equivalent
of ~ fift less (or ~ 1 m.f.p.) of ordinary concrete for the ground shine
component. Hence there may be a factor of 2 to 3 increase in the relative

effect of the ground shine which may now become comparable with or exceed the
other general levels in the area near the exterior of the shield. A sketch

of the proposed shielding is shown in Fig. 2-1. 1If it should be necessary to
remove-this ground shine effect, the addition of a 2 or 3 ft wide by 2 or 3 ft
high ordinary concrete block placed at the outside bottom corner of the shield

should’ attenuate the ground shine sufficiently and still serve as a pad for

experimental magnets, collimators, etc.

Where sections for the forward beam direction are utilized in the shield
arrangement, special attention to muon attenuation will be needed and consider-
able increases in wall thickness will be required locally. Some attention to
additional muon shielding for the side wall may be necessary but this may
effectively be handled by an internal local target shield as now used in the
G-area and by the placement of collimator material near the pion source to

attenuate pions before they decay to muons.

The roof shielding problem is'complicated By the fact that only eight feet
of shleldlng materlal can be stacked over the maonets in the Target Building -
without serious structural modifications to the building. Therefore the ad-

ditional shielding required will be obtalned by replacing with steel the inner

’
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layer of 4 ft thick ilmenite blocks. An estimate baséd on our experience

and calculations is that steel is about 1.8 times as effective as ilmenite

per unit length in high energy shielding applications provided it is followed
by several feet of concrete in order to stop the leakage of low energy neutrons
through steel. TFour feet of steel equals 7.2 feet of ilmenite, hence we gain
the additional effect of 3.2 it of ilmenite which is about 3 m.f.p. and corres-
ponds to an attenuation factor of s~ 19 instead of the 30 originally desired.

In view of the practical difficulty involved and the approximate nature of the
calculation it has been decided to accept this slightly less effective roof
shield, which is certainly adequate for Phase I. Experience after the Con-

version will demonstrate whether or not additional shielding is necessary.

Let us now discuss the effect that the possible range of uncertainty of
the t?ansverse bad geometry mean free path has on these considerations. Since
we are shielding for an additional factor of 30, let us assume a mean free
path, Ay = 130 £ 30 g/cmz. At the lower limit, this mean free path equals
the raw transverse mean free path (corrected for geometry) observed in the
sand ﬁeasurements at BNL. At the higher 1imit the mean free path equals the
generally assumed mean free path for good geometry. If the lower limit is
assumed we would have 4.4 instead of 3.4 m.f.p. so that we would have an
additional factor of 3 reduction in levels. Since no arbitrary safety factor
was included, this is not unreasonable conservatism. If the upper limit were
appropriate we would have 2.8 m.f.p; and would lose about a factor of 2 in
shielding effectiveness. This could require some additional local shielding

which could be installed if the need arose.

The Earth Cover Over the Ring

A series of radiation level measurements in the sand above and to the
side of the H-area target was made (Section III). It was concluded that for

4 X 1011

level.on top of the present sand shielding is about 1 rem/hr. The absolute

protons/sec incident in a thin target in the H-area, the maximum

value of this level depends strongly on the value of the RBE applied to the
- reading. This author strongly favors the conservative aﬁprdach and uses an
RBE of 10. Measurements show that this radiation leads to é‘skyshine level of

~ % to 1 mrem/hour at ~ 100 meters from the target. After the AGS Conversion
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this maximum skyshine radiation level would be raised to about 10 mrem/hour
for the stated internal targeting condition limitation of only &4 X 1012

protons/sec.

As a design goal for the sand cover, we have adopted the criteria:
(1) that radiation levels at the sand surface should be kept below 1 rem/hr
for 4 x 1012 protons/sec targeted intermally, (2) that the skyshine at the
100 meter distance for 4 X 1012 protons/sec targeted should correspond to
about the general population limit level for average continuous operation
(éO—hbur week) (i.e., ~ 0.25 mrem/hr). This would correspond to ~ 2.5 mrem/hr
if the full beam were targeted internally or the normal occupational tolerance
per 4C~hour week. The skyshine at the site boundary has been measured to be

less than -one one-hundredth the values at 100 meters and therefore negligible

in all cases.

Both of these conditions are approximately met if the previously used

factor of 30 improvement in shield attenuation is used again.

From the foregoing discussion it is not clear what bad geometry mean
free path should be used. Since the skyshine, at near distances at least, is
most sensitive to the nucleonic secondaries generated by the nucleonic com-
ponent, it appears reasonable to use the conservative kb = 130 grams. Since
we are shielding for a small additional attenuation (~ 30) we are not very

sensitive to the mean free path assumed.

Of course, as indicated in some of the measurements, minimum jonization
hot spots due to muons and nucleonic and pionic hard components may require
1onge£ mean free paths than this at some spots. On the other hand, as shown
by the measurements at least in some transverse regions of the shield, a
shorter mean free path would be adequate. Therefore Kb ~ 130 grams in general
experience seems to be reasonably comnservative for general design purposes.
For a factor of 30 we need 3.4 m.£.p. a 440 g/cmg. Since earth has a density
of = 100 1b/cu.ft, each foot of earth thickness is equivalent to 48 g/cmz.
Hence we need 9 ft of additionallea:th. Therefore it is planned to add a’
new structure which Wiil support an édditiona1 10.feet of-éarﬁh £i1l (see

Section IV).
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III. Radiation Measurements Around the AGS

W.H. doore, G.S. Levine, R. Casey,
L.W. Smith and C. Distenfeld

Since the AGS Conversion Program involves increasing the intensity of
a presently operating accelerator, it is highly wortihwhile to study the
shielﬁing of the existing machine in order to determine the shielding re-
quirements for the converted AGS. This is particularly appropriate, since
there is involved a known increase in the intensity of beam but not an
extension of the energy into a region where the shielding properties of

materials are less well known. Consequently, a program of radiation meas-

urements has been in progress for over a year using the AGS beam internally

targeted as the source of radiation. This program of shielding measure-
ments 1s not yet complete and is being actively continued. However, there

are some interesting and significant results which are reported here.

Fast Particle Flux in the Sand

in order to predict the fast flux intensity for strongly interacting
rtizies (E > 20 MeV) emerging from the increased thickness of sand cover,
“activation both in polyethyiene foils and in plastic scintillators was
studied inbthe existing sand over the tunnel. Measurements were made in
tie vertical plane above the beam and in the median plane outside the tunnel.
Two inch pipe wells were driven from the sand surface to the tunnel roof
directly over magnets H-11l, H-13, and H-15 (Fig. 3-1). These wells nominally
extended through 10 feet of sand. Similar wells were also placed in the side
sand out to 40 or 50 feet, driven below the median plane at H-11, H-12, H-13,
H-14, and H-15 (Fig. 3-2). At H-13 an array of wells.enabled the sand to be

probed 14 feet inside the ring from the inside tunnel wall.
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To generate the particle fluxes in the sand, the AGS was operated at
30 BeV and a 0.040 inch beryllium target ome half inch long was flipped into
the circulating beam at H-10. It has been assumed that all of the circular-
ing‘?rotons eventually interacted in this target because of multiple travers-

als around the AGS magnet ring.

5

For the results described in this report the only important shieldin

C1s

o
o
masses were the AGS magnet downstream from H-10, the tummel concrete, and

the sand cover.

In the vertical planme over the circulating beam polye:ihylene foils were
placed at two foot intervals in the pipes at H-11, H-13, and H-15. The fast
flux intensities’for the three wells at various depths are shown on Fig. 3-3
and a contour plot of the isofluxes appears on Fig. 3-1. The details of the

calculations are given in Appendix A.

Since the present sand cover is limited to a nominal 10 feet in the ver-
ticai plane over the beam, it was decided to measure the fast particle flux
inte@sities in the median plane of the AGS outside the tunnel where sand
penetrations up to 50 feet can be realized. Direct comparison between results

in the vertical plane and in the medizn plane is complicated by two factors:

(a) A large access tunnel leading to the H-10 area creates a void

in the side shielding (see Fig. 3-2).
O

(b) There is an asymmetry in the AGS magnet shielding. Vertically
over the beam there is over a foot of magnet steel and in the
median plane there is an open megnet gap facing the side where

the measurements were made (see Fig. 3-4).

From the foil counting over the beam, it was learned that the foil
counfing rate near the top of the ring was near the background limit for
fluxes on the order of a few hundred per centimeter2 per second. To increase
the'counfing rate, scintillators (Pilot B) in the form of cylinaers one inch
in diameter and two inches long were used instead of the polyethylene foils.
The ﬁlastic scintillators were suspended in the side wells at a depth corres-
pondingbto the median plane. The plastic scintillators were calibrated

against the polyethyiene foils as described in Appendix B.
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-Semilog plots of the resulis are shown on Fig. 3-5 for radial distances
outward on the medizn plane from various magnets, and a contour map for the

same data is given on Fig. 5-2.

Comparison between :the semilog plots, Figures 3-3 and Z-5, does not
reveal any siganificant differences for the particle intensities at corres-
ponding thicknesses of sand. TFrom this it is concluded iLhat the AGS magnet
does ﬁot contribuze to the side and roof shielding for fast particles emerging
from the H-10 tzrzet. The datz from the H-1l side wells have not been included

because they zre greatly influeanced by the void created by the access tunnel

14-MeV Neutrons

a. Scintillation counters

Fluxes were measured at many points in the earth cover utiiizing scintil-
laticn counters. The counters comsist of Pilot B diphenylstilbene scintiliators
mounted on the end windows of Type 6199 photomultipliers. Counter gain iz con-
trolled by varying the photomultiplier high voltage. Signals developei at the

anode of the tube are passed through a limiter circuit and then to a di m-

inator circuit which registers only those pulses which exceed 100 millivolts
of amplitude. The circuitry is capzble of counting at rates as hign as 100 HMc /sec.
Table 3-1 summerizes the differences in the scintillators. Figure 3-6 is a

typical response curve for a given counter, showing its sensitivity to a variety

of radiations.

Scincillation counter data were zlways obtained by recording the flux de-
tected at a particular point during targeting, and for an equivalent time when
the:é was no accelerated beam. In the zreat majority of cases mno background
was detected. Two methods were utilized to normalize these measurements: the
internal beam intensity was monitored for each run, and a second counter was

fixed at some point in the earth cover and its output recorded.
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“insions
Counter Scintillator
e . . - N , 3.
rlaterial Diam (inch) _ength (inch) Volume {(cm )
1,2 Pilot B i 1-7/8 25.7
3
3 " 1% ¥ 7.3
The data plotted in Fig. 3-4 were obrained with Counter Wo. 3 operating
4 b ™ q “ 3 3 o T L omam 3 3 o2 - - =
at 725 volts. Figure 3-6 indicates thet for tihis voltage the sensitivity oI

onn the scintillator.

The data of Fig. 2-4 show an in
which were not detected by cli

~

cot ¢f steel in the magnet gap. There is azlso some indication o

) -
4
3

-y

bulge on the side in the direction of

these bulges, the isoflux contours are approximately

ing
walizs,
The data on the madian plane both outward from the m and

are piotted on Fig. 3-7. The inward results are higher than the outward; tnis

is most likely due to the target being closer to the inward wall.

at zbout 14 feet of sand, but the counting

"ﬂ

The results show a tailing off

rate was low and this should not be given much importance.

’ 2 . .
b. Na activation

Aluminum foils were included with the plastic scintillators to measure

the neutrons with energy in the neighbiricod of 14 MeV, which is the pesk for

the giant resonance in che cross section for neutrons bombarding alumizum

. 24 B ’ ;
making Na~ . The foils were counted three hours ziter bonbardment when only
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2 1 -
Na 4-and F 8 were present in significant amounts. The foils were counted
again 20 hours after bombardment when the F18 (T% = 110 min) had decayed,

leaving the Na24 (Ty = 14.8 hours).

5 .
‘Unfortunately, only those foils within seven or eight feet of sand were
active enough to give a counting rate above background. The results are shown

on Fig. 3-8, and a plot transverse to H-13 is shown on Fig. 3-9.

Dose Measurements in the Sand

Dose measurements in the sand were made by Kodak NTA £ilm, Dupont 555
and 1290 B~y film, and with Bendix pocket dosimeters. The- films were packaged
in a -standard BNL-film badge container and lowered to the median plane in the
side hells as previously explained. The container has 43 mil cadmium and
64 mil aluminum filters over different areas of the film. An open window is
also present. The films were processed and calibrated by the Personnel Moni-

toring Section of the Health Physics Division of Brookhaven.

a. NTA film

NTA film will respond to any ionizing particle having a specific ion-
ization greater than 60 MeV/cm in the film. This limits the muon detection

1 For

to those with energies less than 3 MeV and protons of less than 20 MeV.
protons of less than 0.5 MeV there is not sufficient energy to produce a recoil

track. Therefore, the proton response of NTA film ranges from 0.5 to 20 MeV.

Track densities in NTA film up to 14-MeV neutrons have been determined
by Ch_eka.2 Using his calibration curve, a dose equivalence can be determined
for neutrons of known energy (see Appendix C). Since the neutron spectrum in
the sand is not known, an average energy of 2 MeV was assumed. This leads to
a dose five times greater than seen by the dosimeters under comparable con-

%
ditions. This amounts to an uncertainty of about 2.5 feet of sand.

1. R.L. Lehman, UCRL Report 9513 (1961).
2. J.S8. Cheka, Nucleonics'lg, No. 6, 40 (1954).

“Data of C. Distenfeld and R. Colvett (private communication) indicate -that
NTA film semsitivity in the H-~10 region is 3 mrem/track.

.
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Figure 3-10 shows the dose rate as found from the NTA film in the side
wells beyond 13 feet of sand. The film located closer to the tunnel wall had
too many tracks to be counted. A contour map showing the isodose lines is

shown on Fig. 3-11.

‘It is to be noted (Fig. 3-10) that beyond 25 feet of sand (or about 40 ft
from the beam line) the dose rate suddenly becomes essentially constant sug-

gesting a background of weakly interacting particles.

b. Pocket dosimeters

For the measurement of the total dose at each well location (both in
the vertical plane and in the median plane) Bendix condensér ionization cham-
bers (manufactured by the Bendié Aviation Corporation, Cincinnati, Ohio) were
usedi These dosimeters are in use at the AGS as a quick method for personnel
monitoring. The wall of the instrument is thin aluminum and the ionization
chamber is encapsulated in tissue-equivalent plastic. These were charged in

accordance with the manufacturer's specifications -~ 160 volts.

Calibration runs were made on each of the dosimeters used withigamma
rays from Co60, neutrons from a Pu-Be source, and minimum ionizing protons
in thé external beam from the Cosmotromn. Previous calibrations made by the
Health Physics Division showed that these instruments are tissue equivalent
for neutrons up to ~ 20 MeV. Calibrating the dosimeters using 14-MeV neutrons
and comparing the results with a known response from NTA film showed agreement
within 20% for the average dosimeter. A quality factor of 6.5 was taken for
determining the rem dose for the dosimeters. Another calibration was made
utilizing a 1-BeV proton beam from the Cosmotron. The results showed the
pockét dosimeters to be underreading by a factor less than three, however the
uncertainty about the distribution of the proton intensity across the beam

could account for the disagreement.

For the collection of data, one dosimeter was inserted in each ﬁell.
Because of the rapidity of dose rate fall-off with increasing sand thickness
from the circulating beam, three different sensitivities ranging from 600 R
to 200 mR full-scéle were used. All instruments were identical in construc-

tion, differing only in the size of the capacitor.
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The selection of the sensitivity of the dosimeter to be placediin a
particular well was precalculated from the results obtained previously in
the vertical plane such that the instrument would not go off-scale during
a 16 hour run. Several dosimeters were buried in the sand in a remote,
guiet area to determine any background radiation which may be present in the

earth: No discharge was observed on any of these after 48 hours.

The dosimeters were read immediately after the run, which gave a result
in roentgens for a 16 hour exposure. The readings were converted to rads
by a 0.93 factor and a quality factor of 10 gave the rems/hr which was cor-

rected for the normalizationm.

The results are plotted on Fig. 3-12 which, as in the case of the NTA

film,- show an abrupt change in slope at about 25 feet of sand.

Attenuation Length in the Sand

Examination of Figures 3-3, 3-5, 3-7, 3-9, 3-10 and 3-12 shows an apparent
half value thickness of 1.1 feet of sand or a mean removal mean free path of
1.57 feet of sand. '

TABLE 3-2

ke vs. Detector

Detector Ke (ft)
el (Fig. 3-3) 1.6

cll (rig. 3-5) 1.53
Scint. (Fig. 3-7) 1.48
Al (Fig. 3-9) 1.50
NTA (Fig. 3-10) 1.80
Dosimeter (Fig. 3-12) _1.50

1.57 = 0.07

A, = 1.57 X 30.48 X 1.82 = 87 % & ea

An average moist demsity of the AGS sand cover is 1.82 or 114 lb/ft3 or

87 £ 4 g/cm?. Fifteen samples were obtained from a variety of locations and

’



depths in the ring top. Their densities and moisture contents were measured

by Dames & Moore.3

The moisture content varied from approximately 4% to 17% by weight of
the wet weight. It is therefore assumed in this report that the attenuation
lengths measured are those of sand whose average density is 1.82 and whose

average moisture content is 10%.

The measured value of 87 = 4 g/cm2 for the mean absorption length is
considerably less than the 150 g/cmz normally used to design shield thickness.
The basic reason for the difference is believed to be because the sand cover
is a side shield and the attenuation lengths in the neighborhood of 150 g/cm2

have been obtained from head-on beam stoppers.

The results4 from the C1i activation in the vertical plane were examined
in detail. It was found that if the fast flux attenuation was considered,
not transverse to the beam but along a Line in the sand which extended through
the target, the interaction lengtins were a function of the polar angle from
the circulating beam direction. This was also done for the side well measure-
ments in the median plane and the results are shown on Fig. 3-13.

11

The C activation data from both the vertical and median planes have

been converted to dose rates5 from

4 x 103 neutrons/cmz/sec = 7 rem/hr .

The dosimeters which read in roentgens were multiplied by 0.93 to convert to
rads. A quality factor of 10 was used to determine the rem dose for the

16 hour run. Hence the dose rate is

10 X 0.93 X roentzens
16

Rem/hr =

3. Dames & Moore, Soils Investigation, AGS Magnet Enclosure Structure,
May 20, 1966. :

4. W.H. Moore, BNI. Accelerator Dept. Internal Report AGSCD-6,
January 24, 1966.

5. 200-BeV Accelerator, Preliminary Project Report, January 1966, LRL;
also, CERN uses 10% neutrons/cm?/sec = 1 rem/hr. .
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for the sand region where the strongly interacting flux is dominant. For
the region where the weakly interacting flux prevails a quality factor of

11

unity was used. The C~~ and dosimeter dose rates have been plotted on

Fig. 3-14 normalized to 4 X 1012 protons/sec stopping.

Artenuation Throush a Duct

An eight inch aluminum tube, 10 feet long, has been installed vertically in
the earth cover above the BC survey monument. It is coupled to and colinear with
a 12 inch penetration through the councrete roof of the tunnel. It projects six
inches above the surface of the earth cover. The survey monument is nine feet

radially outside the vacuum chamber, at the 10 foot C straight section.

Measurements of the radiation intensity at various levels in this vertical
duct were made with the scintillation counter described earlier and at three

levels with a standard BNL Health Physics integrating ionization chamber.

During the measurements AGS beam studies were in progress. The beam was

accelerated to about 19 BeV and then allowed to die in the vacuum chamber.

Figure 3-15 summarizes the data. Uncertainties in position are = 1 inch for
the counter. Points were repeated to establish reproducibility and the statisti-
cal uncertainty is less than 1%. However, since the accelerator parameters were
being varied to some extent during the measurement, an error of £ 107 seems

reasonable.

The ionization chamber measuremaents are rather crude. In the last minutes

beam time an average dose per pulse was measured at the top, middle, and

Hh

o
bottom of the pipe. The position error may be as much as £ 1 foot. The doses
represent the variation about the peak intensity at each point and assume a

: . . . . 12
constant pulse-to-pulse circulating beam intensity of 1.5 £ 0.5 X 10 protons

per pulse at a 2.4 second repetition rate. -

The data show that the distance along the duct necessary to reduce the
dose to 1/e of its initial value is 2.5 feet. Consequently, with 20 feet of
earth ‘cover over the ring it seems reasonable to expect that the radiation

transmitted along a duct of this sort will be reduced by a factor of

Nors o )
_20' _ -20/2.5 _ 5 5 41074

=

@)
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APPENDIX A

Foil Counting Calculations

‘At any time, t, during bombardment of the foils, the number of cll
atoms present in the foil can be found from
dcll_n___-cll.:k.ég—_—k'rg ' (1)
dt A dt lat
whose solution is
~t/A
Cll(t) = e t/ <K + k r %% et/k dt> or
e (K +xm | 8 dt> (2)
dt
where
N
é% is the fast particle flux/cm?/min
L

dp . . . . .

¢ s the circulating protons in the AGS per minute

Tl is a factor depending only upon the position of the

foil with respect to the target and has units cm
A is the mean life of cti
= 20.3 min X 1.44 = 29.2 minutes
k = A(l - &) O(E) w/m.w.
‘ £ 099 23 -
A = Avogadro's number, 6.0228 X 107~ mole
G(E) = the cross section for inducing C11 taken as
29.0 = 1.3 x 10727 cn?
(1 -o) = (0.88 £ 0.018) is the correction for the cross

section for a 0.004 in. polyethylene foil due
to the escape of active hydrocarbon molecules

from the foil during bombardment6

6. J.B. Cumming, A.M. Poskanser and J. Hudis, Phys. Rev. Letters 5, No. 9,
484 (1961).



il
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.11 -

(W]

foil weight 0.1028 £ 0.0008 grams

molecular weight of polyethylene = 14.03 grams/mole

- 2
(11.26 £ 3.75) x 10 > e

If the foils are bombarded for 60 mimutes with a uniform circulating

. . 1 . .
beam intensity and (dCl*/dt)o is the true count/minute after an hour's bom-

bardment

( dc
d

From (2)

(éc

dt

11 (e

t

11

>_____L_
A :

i1,
PR SV S
/0 ét E dt

where E is the counter efficiency which for the well counters im the BXL

Chemistry Department is

0.737

dt

Il

+ 0.011
(dcll/dt)t1 9
__‘ Jem /min
kE(l - e L1/>\)
-1 11

- -6 2.0 CTTN
[11.26 X 10 > X 0.737 X 60 X (1L - e 60/29 - ( < — )
o \ at /

. 2
230 (dCLl/dt . strongzly interacting particles/cm /sec
1

L1l . -
where (aCl /dt)t are the counts/minute corrected for
1

decay to the end of the bombardment time.

7. J.B. Cumming, J. Hudis, A.M. Paskanser, and S. Kaufman, Phys. Rev. 128,
No. 5, 2392 (1962).
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Fig. 3-12. Pocket Dosimeters.
Data normfiized to
2.78 X 10~ protons/sec.
Q.F. = 10 assumed.
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IV. Structural Work

J.H. Lancaster

Extensive calculations by the firms of Stone & Webster Engineering
Cornoration and Charles T. Main, Imc., and by Brookhaven's consultant,
Professor Clarence Dunham, have shown that the existing reinforced. concrete
magnet enclosure, which was originally designed for five feet of earth fill

and which is now carrying ten feet of earth fill, cannot carry additional
weizght without major structural modifications.

During preliminary investigations a considerable number of alternate
designs were investigated. Among these were: chemical soil solidification

around the existing tumnnel; sonic driven piles supporting new roof girders;

[N

drilled-in caissons supporting similar girders; mnew roof girders supporte

on spread footings; steel culvert sections over the tunnel; steel arch

construction; concrete arch construction; and a number of designs using

the small residual strength of the tunnel for partial support.

The current design, shown in Fig. 4-1, is based on two reinforced con-
crete slabs, pitched to form a three-hinged arch type structure spanning the

existing tunnel. The pitch angle, size, location and shape of the slabs and

T

£i11l immediately upon construction plus an additional five feet of fill arfter
the concrete has reached its ultimate strength and the footings have develosed

maximum resistance to settlement and sliding. This will provide an ultimate

totai of 25 feet of earth fill over the magnet enclosure. Radiation will

also hHave to penetrate two reinforced concrete slabs having a toral thickness

"

of 33 inches.

‘There are a number of special sections of the tunnel which cannot employ
the zrch shown in Fig. 4-1. These are the junctions of the tunnel with the
north and south ends of the Target Building, the extracted beam conjunction
sections at H-10 and I-10, the existing conjunction at the 50-MeV linac and
the new conjunction at the inflector for the 200-MeV linac. Special comstruc-
tionrwork is needed at each of these points to carry .the additionzl sand cover.

The shielding of the ring in the Target Building is discussed in Section III.
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There will be a large number of penetrations into the tunnel each of which

must be handled separately. There are four general types of penetrations.

1. Remote surveying holes. There will be twenty-two 18 inch diameter
holes spaced around the ring for use in remote surveying of the magnets. These
will 5e vertically over the roof of the tunmel directly over the appropriate
pile caps. Since surveying will only be done when the accelerator is not oper-
ating, shielding will be accomplished by solid plugs filling the upper portion

of each hole when the machine is operating.

2. Personnel and equipment zccess ports. The existing access ports will
be treated as is presently done, that is, a maze through the shielding with
sufficient bends to attenuate the radiation and with access gates and restricted
areas:. Several new access ports will be added through the sand shielding of the
tunnel. When the accelerator is operating, these ports will be closed with

thick plug doors of heavy concrete.

3. Cable and service penetrations. In order to facilitate the location of
as much as possible of the auxiliéry equipment outside of the tumnel, it will be
necessary to supply a duct bank at each ten foot straight section to permit en-
trance of the required services. Each duct bank is expected to consist of twelve
4 inch diameter pipes cast in a concrete bank. The banks will enter the tunnel
beiow the median plane and will pitch up at an angle of about 30°. The pipes
will be about 40 feet in length and will sweep in a gradual curve so as to destroy
the line of sight through the duct. The attenuation factor through such a duct
is expected to be of the order of 1072, A radiation shield and barrier will be

used at the outside end of the bank, should this be necessary.

4. Fan houses. Five fan houses contain the tunnel air handling equipment
and are connected to the tunnel by large straight ducts. It will be necessary
to erect shielding walls around the fan houses and to fence the area inside the
shielding so that there will be no access while the accelerator is operating.
In addition, the straight ducts between the tunnel and the fan house will be
replaced with a duct having a double bend in it, constructed of heavy concrete.

Further measurements will be made around the fan houses.

The presently existing escape hatches located around the tunnel will be

abandoned and permanently plugged with concrete.



Cﬂ“

1]
e |
Fupoe 25 hde aimloma - i S N
2.8 . -
- L ~

| | ~

SR IR\ ~ 2

2, ~3
\\ AN !
5 ~

oot WIPE SineTion s

s vaounT wrolesare & Frofatras  szor
a,o‘

?r;a\:cx,w 28 mapl svlieleiag,

’:{f_‘ c,auTl WHddoute (:c:o'[tklﬁ:.,

.
e

ExieTiNG @At stiebowg
Mo - pepTH vaRass

&%\e\\ue‘ R iy encleosure '(u»-lua\..

e PHEEANMA c{'-_ ey, '{';-‘.c

) i
& woria oruat -eeFerence aircle - 42145

L EARTH  auElDiG sUpmolT an O
- - &
’ | i"“ 1‘—‘5* : "’J e

e e+




e

V. Activation and Radiation Damage

C. Lasky

Present average radiation exposure of the operations personnel runs
between 30 to 40% of continuous working allowance. It arises primarily from
exposure to residual activity insic. the machine tunnel and in particular
from those portions of the ring in the immediate vicinity of experimental
targets and external beam equipment. Following the Conversion, these residual
ievels can be expected to increase by significant factors. The decay rate will
depend on the particular concentration of materials in the neighborhood of the
individual target. The decay of gamma activity of all of the materials normal-
ly found in the AGS tunnel has been studied by the Chemistry Department at BNL
for two typical irradiations. These decay curves were published as Figures

IV.6-2 through IV.56-7 in BNL-7956, pp. 241-246.

Since high levels will be unavoidable in these areas the following several-
prongad approach is being taken to reduce drastically the time spent in these
areag'by operating personnel. It is anticipzated that after conversion a magnet
module can be removed completely from the ring structure in approximately
10 minutes. All of the cisconnect devices will be of a quick operating nature.
Vacuum chamber flanges will be connected with quick disconnect '"Marmon' clamps,
water. manifolds will be of a self-sealing boltless type, and the electrical bus
bar will be a single nut, clamp type, relocated in a readily accessible position.
The vacuum chamber clamp and the bus bar counnection are being designed for oper-
ation with long-handled wrenches and will be compatible with the remote-handling

device being developed.

ota

This subject is covered in considerable detail in BNL-7956, "A Proposal for
Increasing the Intensity of the Alternating-Gradient Symchrotron at the
Broockhaven Naticnal Laboratory', May 1964, and BNL-9500, "Alternating-Gradient
Synchrotron Conversion Program, Scope of Phase I'", September 1965.

.
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efined, such as target changing, special

[eN)

Where an operation is rigorously
single purpose, completely unattended auzomatic machines will be built. The
first.such target changing machine is praesently inscalled on the operatinz AGS
at the G-10 target position.

-

Magnet coils in the immediate vicinity of targets wiil be replaced with

coils having insulation good for at least a nine ysar Life at the new operating

levels of the AGS. Samples of these insulations heve already been tesced in

- “.

- sy s s T apa = Y 3 :
the BNL high gamma flux facility to exposure levels of 2 X 10* rads; the equiv-

N

a of nine years' exposure immediately downstream from a target absorbin

2 % 1012 protons per second continuousiy. This is based on a radiation survey
which indicated that the hot spot on the coil immediately downstream from a
target in a ten foot straight section absorbed 3.8 X 10% rads for 10‘ protons
absorbed in a berx cyllium target. Exposure levels at the next downstream magnet
are lower by a factor of six. With any reasonable diversity factor among the
several experimental areas of the converted machirc the minimum insulation
life of the most exposed coil is cstimated to be of the order of ten yaars

even for Phase I1 operation.

The Conversion also has as a design goal the replacement of all organic
gaskets in the vacuum chamber. Present designs show a double metal gasket
with & pump-out between the gaskets. The pump-out space is also provided wich
a2 valved vent. The normal operation will mot cali for fore-vac pressure in
the: pump~out region. Instead, the vent valve will be left open and & long
tube will be run from the pump~out port to z leak test manifold at some dis-
tance Ifrom the targst area. It will then be possible to lezk test the vacuum
chaﬁbet gaskets quickly without involiving personnel in the nigh residual activ-
ity af_as. -Almost all of the present vacuum group exposure comes$ Irom leak
t«_s._ua'T and replacement of rzdiation damaged organic (Viton A) gaskets in the
vieinity of targets. The replacement of vacuum pumps and gauges presently on
an approiimate 50 foot spacing with pumps and gauges on an 8 foot azimuthal
spacing and the subdivision of the ring into 24 rather than the present 12
sections will greatly aid in localizing vacuum problems and tracing them to

their ultimate source.

To complete the general pattern of minimizing time spent in the ring on

the part of operating personnel, the Conversion will also provide for remote

.
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observation of possible radial and vercical motion of magnets on the ring
structure. Twenty-two new penetrations will be made of the tunnel roof to
allow optical instruments above the tunx el shieldinz to observe, throu gh a

v

system of fixed nirrors, targets fixed to each of the ring magnets. These
penetrations will be provided with removable radiation, plugs. The magnet
loczting pins, the vertical and the radisal adjustmean will also be re-

designed for more easy manipulation by remote-handling devices or by motor-

The 4GS closed magnet cooling system contains 15,000 gallons (5.7 X 104

liters) of deionized water. The present flow rate is 1,400 gpm with provision
ssing 25 gpm through a mixed bed deionizer. After coaversion the fiow

rate will be zpproximately 2,000 gpm with the same provision for continuous
deionization. Yhe degree of deionization is presently controlled by the
measurad conductivity of the water in the closed system. AL times it Is
desirab.e to drain the closed system and tne possible hazard has been looked
into. Decay curves for gamma-ray emission and some jamma-ray specira have
been obtained from AGS magnet water samples by the BXL Cheaistry Department.

~

tium analysis was also made. Deccay curves measured shortly after drawing

the samples showed that most of the gamma activity aas a short half life con-

sistent with 20.4 minute Cll, a major spallation product of oxygen. A com-
ponen= of half life = 1 day, possibly 15 hour N524 or 12.8 hour Cu°4, is

present and also a component of half life > 50 days. Gamma spectra of the
long-iived tail show peaks at 0.45 MeV (53.6 day bg7) and at 0.81 MeV (pos-

Q
sibly ‘71 day C050>. The results of a radiocassay are listed below. Tne con-

cencration in pli/f, the totel content of the system in mCi, and the dose

rate zbove an infinite sea of such water is given for the principal constit-

verncs of the water samples. With a factor of even 100 (this implies 3-%4 X 1013
rotons/sec) the external hazard would still be trivial although some Cll

rediztion would be measurablic near large masses of water (heat exchanger and

storage tank).
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Tesults of Radioassav of AGS Maxnet Water

Isocope Hali-life Concentration Total Content Dose Rate
(uCi/ (i) (LR/Tr)
1 , . AL \
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inventory will present only a minor problem
to dump the contents of the closed system. Should this
necassity arise, the Be7 inventory can be recained in the deionizer by dis-

charging through it. Another and more satisfactory solution would be to control
che SySass tarough the deionizer Uy means of the measured Be7 concentration and

thereby maintain the total content below some safe ievel in the event of a cata-

strophic rupture of the closed systemn.

Air activity under AGS operating conditlons

of z vacuum pump drawing air from the target area in use. Results indicated
- - an=7 A | s T o s G ez
gross levels of 4 X 10 2Cifce decaying wich an initial 16 minute halr-lifte,
N - 11 ,15 < . am s
stronzly sugzesting a mixture of C and N Sampie air drawn from upstream

1

oF the tarset vielded a level of 0.1 X 1077 nci/ce.
o

Several 400-channel analyses were conducted with fresn 50 ££3

air oles collected om Whacman-40 filter paper. The sampling rate was > £t/

4ol
©

minute. The low levels measured did not permit constituent isotope identifica-

tion. Longer samples were not taken because of the radioactive decay of the

[

ajor components during the sampling. The decay curve of the dust sample was

ata

Taken from BNL-7956, p. 248.

Abstracted from "Alternating-

t Gradient Convarsion Summary', C. Distenfeld and
R. Colvett, Health Physics Divisiuar, Broow. rato

aaven National Labo ory.
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0 three constituents. During the first hour it decayed with an

11 minute half-life. Between 1 and 4 hours the curve fitted a 43 minute
between 4 and 10 hours it fitted a 15.5 hour half-life.
cans, half-iives, and available materials, a mix-
¥~ T, and 2% Na 2% yould account for mnearly
2ll the dosz. Based on the above, a long cxposure dose of 0.075 mR is indi-
cated due to dust. The observed gaseous activity will constitute an immersion
dose.> Assuming an infinite cloud of Ar/: the measurements indicate an entrance
dose vate of 2.5 wmii/hr or a long exposure dose of adout 5.0 mR. This probably

tioe exposure oy « factor of 20 due to the- actual presence of the
N3 and cil.

In eicner cvent these dosages are Insignificant when

co the dose due to activated machine components.
The apove results are somew.nat at variance with previous measurements

reported iIn BNL-7956. The differences rie primarily in the manner in which
the air and cdust samples were drawn. The results reported above more nearly
spproach the actual dynamic situation than does the static situation repre-

ts on air contuined in balloons and exposed near a target.
Normal overation of the air-conditioning fans (10% iresh air intake) resuits
in a compiece alr change every 90 minutes. Under emergency coanditions the
enzire tunnel air can be changed in a Ll::ie over 9 minutes. The Conversion
Program calls for the tnecessary modificacions to the air hand

peration of the entire wmachine enclosure at a slightly negative pres-

2roduction of Na®™ in the concrete tunnel walis and shielding blocks will

contribute to the activation radiation levels in the tunnel. Boron loading in

the concrete can veduce this effect substantially. In the existing tunnel
walls additiom boron to the concrete is impossible. However, it seems

id be awnplied to the

oL
sossible to aevelop a boron loaded p

< T

tunnel walls in high activation areas where the Na“™ " contribution is signi-

ficant. In new construction, boron loading of the concrete will be used wnere
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involive considerable additional comploxi

redundant paths, which itself can contridbu:

- e . 3 vy e [ f SRR} i < P Y im
o the mainlicnance program. For these and other reasons, such arrangemenis of

M

ey

el
Fi
(@]
ot
0]
O
rt
H
<
6]
&
o
¢
f
[§%
b
=
(
H
{
[
[
¥
3
&}
a,
(’.
i
(]
V]
o
[
&)

various mechnanical cuow electrice

The procedure for initial clesarance of tue AGS muznet cnclosure and
adjecenl areas or to beam injection and cccelerwilon invoives Zhe personal
inspoctic of all the eas by two team. ol two men each. Tlhe.. Ceams start
taelr Iospeciion at one of the mein gazes, waiich is lanned by a £fif:th person.
The imspection teams proceea in op ite directions from the gate around the

) Secure, lock, and reset 2ll doors and gzates.

¢) Mzka a general visual inspectiiocn of che

ularly toe main magnets.

adcicilon, the door switch circuit at each gate must be reset, and this sexrves
to iIncicate that every door and gate has, at least, oeen visited {equivalent
T

rengement). T second team passing eacn door or gate

i3 uhe various personnel who were in these areas leave through the manned
o

-

s&ze, tnelr nemes and film badge numbers are checked off. When all personnel

§

nave cnus been accounted for, the gate is locked,

fort
=t

ocal circuits resect, and

to main ccatrol. Additional circuits can then be reset at

<
(0]
s}

c_earance is gi
the mein consoie. machine operation, in perticulay main magnel pulsing and

accelerated beam, can proceed.

In the over-all operation of the iGS, situations arisc requiring personnel

to enter and de in theve aveas for relatvively brief pciiods of the order of an



hour. To avoid the moderately lengthy process of complicte insjection, & brief

4]

sautdown is Leclared zad machine overations are

appropriate gates cnd detailed check lists are mulonollaed oF 221 personnel

1

enter.ag and leaving. Once all personnel have

4 q

L and boon accounted for,

]"h

&

mzcnine operations ave resumed in che same manner as Sor cae iairial clearznce.

two lines of protection, the first beiung che fully locked and bolited gates
with all gate operations performed by treined personnel localiy at the respec

. ~ o . - A

Ecured.  oen are stationed at

tive gete. Lae secornoary line of protaction dCtang w3 5alli~Uup Cconsists 0 tae

wore conventiondi door swiiches, interlocks, warning devices, etc., each with

thelr own redundan: features, as, will be mentioned briefly in the following.

=~ i~ e s mem o B Ta e eemd moa
Lalil DEUSCLnE .. JasTier

e
retracted mecnanically through a break-zluss/turn-knod arrengement for emer-
released and

s
reguiras paysical resetting to permit the associated switch (waich is also

wired-In the door switch civcuit) to be put in the permissive conditiom. Thi

3 Lo insure maximum relizbility

[

5 Teos T - - n o - T
switcles and velays ave of the industrial cle

and minimum failure through physical azbuse and misuse in z system waich is
To help insure full uaderstanding and agreement on machine status prior

.
o
the gaze volt uses two switcines, one locally at the gatc and a second one at
o 3 (=]

tne main console. The circuit is actuated only wien both of these switches

Information ligats and iighted signs arc liberally located in all these
1

areas, parilculerly at tue gates, to indicate the various states of accelex-

ator oOperation and security system in addition, prior to any change in

accelerator status or operating condition, appropriate public address system

has two Limit switches, cune which is actuceted when



Plastic Scintil

.The plastic scintillators were calibrated against the polyethylene
r~ . - ~ ¢ . . e RN SO S . -
foils by means of a simultaneous exposure in the mcdian plane at H~13.
The comparison was made with 1.2 feet of s.nd intervening between the
outside of the tunnel wall ané the piace of detection which was C11 acti-
vation. The foil gave 743 ‘counts/min and the scintillator 3.25 X 10°

counts/min corrected for background, decay and counter efficiency.

From Appendix A, the fast particle flux intensity from the foil

) ’ : 2
g = 230 X 743 = 1.76 X 10° /e’ sec

Scin 3.25 x 5

1.76 X 10° ( ac*t >
at

Ve
[a P
rt
\...

Scin Scin

-t
(@]

) 11 . . o .
where (4C /dt)SCin are the counts/minute corrected for background, decay,

and counter efficiency.

Neutron Fiux from NTA Film

From NTA efficiency curve, assuming mean energy of ~ 2 MeV or

~

. 6 2 . e
3 zracks/25 fields for 10° neutroms/cm™. Tor 2 MeV neutrons

2 .
18 neutrons/cm /see = 100 mrem/40 hours or,

5

6.5 X lO4 neutrons/cm /hr = 2.5 mrem/hr and

4 2

2.6 X 10" neutrons/em” = 1 mrem .

Since
2
1 track _ 20X lO5 neutrons/cm ~ 12.5 mrem
25 fields 4 ~ -

2.6 X 10 neutrons/cm /mrem

1 track - 12.5
25 fields 16 hours

0.77 mrem/hr .
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ACCESS TUNNEL
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NOTES— 5
- MULTIPLY READINGS BY 107 K/im%/SEC
2- NORMALIZED TO 278 x 10" £ /8EC
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PLASTIC SCINT; MED. PLANE
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Fig. 3-3. Fast particle flux in sand cover
N over the tunnel roof
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Fig. 3-5. Fast partigle flux in side sand
outside tunnel on median plane.’
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Fig. 3-7. Scintillation counter data.
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:é- ACCESS TUNNEL
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14 Mev NEUTRONS FROM ALUMINUM

FIG 3-8 NOTES —. 3
I-MULTIPLY READINGS BY 10° N/cm?/ SEC
2-NORMALIZED TO 2.78x 10" P/SEC
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Fig. 3-9. 14 MeV neutrons from 2.78 X 1011 protons/sec
at 30 BeV at H~13
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Normalized to 2.78 X 1011 protons/sec.
12.5 mrem/track assumed.
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DOSE = 12.5 mrem/ TRACK/ 25§
ASSUMING NTA EFFICIENCY AT
2 Mev » 3 TRACKS/25§/10%n/cm?

E_ ACCESS TUNHNEL

FIG. 3-11

NTA FILM TRACKS /25 FIELDS
FOR 2.09 % 10'® PROTONS TARGETED




