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I. Introduction 

G.W. Wheeler 

The proposed increase in the beam intensity of the AGS resulting from 

a 
the A& Conversion Program will require additional shielding for the synchro- 

tron enclosure. The existing shielding is barely adequate for the present 

operational 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 

requilements. Also included are a description of the proposed structural 

work required to support the shielding and brief discussions of activation, 

radiation damage and personnel 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 National 

Laboratory," .May 1964, and BNL-9500, "Altd'ting-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 further 

studies which have been conducted since the last report was issued., .:‘ Y 
"'b, 

The AGS Conversion Program proposes an increase i%the beam intensity .', i,' .,- 
I 

.' of the AGS but not an increase inthe,lbeam energy. It is appropriate first," ,.,; /",i 5 . . ., ',. :., 
-. to consider the intensity level.‘of, the primary beam which will cause.ra~iat2on.i",'. :.- 

The design goal of Phase I of the Conversion Program calls for 1013 protons,. 
$ . . 

.d 
I - :'I ', 

Phase:11 calls for 2 x 1013 protons accelerated.per :- ,- .' acceleratefper second. 
: 
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second. 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 wili be made of external beams. In fact, the operational 

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

* 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): 

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

(but with the possibility of a target at I-10): 

For Phase I: 2 X 1012 p/set For Phase II: 4 X 1012 p/set 

This is the total time average figure for all internal targets. . 

However, under certain circumstances, this entire amount could 

be deposited on one target. 

2. In the extraction process: 

For Phase I: 1012 p/set For Phas.e II : 2x 1012 p/set 

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-10. 

Thus, the maximum loss will be 4 X 1012 protons/set at any point around the 

synchrotron. Because of the wide distribution of targeting 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 ldss, thereby allowing the 

maximum flexibility. There is little difference in cost between shielding 

now for 2 or 4 X 1012 protons/set, whereas to add shielding later could be 

far more expensive. Consequently, the shielding is designed for 4 x 10 12 

protons/set 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 regulations' 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 accumulated 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 be inter- 

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

Service areas around 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, ARC 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 10L2 protons/set targeted. In addition to personnel safety, 

it must be remembered that radiation escaping from the shield also contributes 

background to experimental detection equipment located at or near the.AGS and 

the background requirements for these experiments may place more stringent 

1. Rules and Regulations, Title 10, Code of Federal,.Regulations 
(AEC, Washington, D.C., June 1962);Chap. 1, Part.20; Standards' 
of Radiation Protection, in Atomic Energy Commission'Manual 
(ARC, Washington, D.C., May 1964), Chap. 0524. 

- 
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requirements on the shielding than does personnel safety. The foregoing 

factors 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 tunnel is nominally i0 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 full 20 feet, 
Q 

with provision to add 5 feet more if needed 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 fencin, 0 in certain remote areas) will lead 

go a 'completely safe situation for all personnel.. Furthermore, 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 

shieid will lead to somewhat higher levels in localized areas and these will 

be fenced off as necessary. 

0 
In Section II of this report, the use of 20 feet of sand cover is demon- 

strated to be adequate on the basis of the standard and proven techniques 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 to draw final conclusions from these data, the tentative 

results are interesting. Of significance is the fact that these results 

suggest that the proposed shielding for the Conversion Program may be some- 

what more conservative than shown in Section II. 

0 
*It Will be noted that this figure is as originally proposed (BhrL-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 Requirements 

S.J. Lindenbaum 

Because the Conversion Program for the AGS entails only an 

0 

0 

increase in 

the circulating beam intensity and not an extension to an unknown energy, 

forecasting the shielding thicknesses (as far 2s 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 

Gupon 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 2 result which is based 

upon a measurement proOL oram and which is consistent with reasonable calculations. 

An extensive series of measurements was performed to assess the levels 

2nd character of the radiation emanatin g from the present Target Building 

shielding and the earth cover over the ring under certain standard target 

conditions. In addition, the norm21 radiation monitoring provided radiation 

data under a considerable variety of operating conditions. For 2 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 shieldin, 0 as 2 function of intensity. Therefore, 

the problem essentially reduces to addin, e sufficient shielding to reduce the 

increased radiation levels to the desired levels. 

In BNL-7956l the general conclusion was reached that the AGS shielding 

arrangement was reasonably well balanced for levels of beam intensity 

rv 1.3 X loll protons/set. It was concluded that for the Phase II intensity 

increase, supplemental shielding which gave a .factor of about 3d further 

attenuation at all exterior parts of the shield.would meet the specification 

that the shielding be sufficient for 4 X lo12 protons/set lost at any point 
: .‘1 

in the ring. : ,_. 

1. 'IA Proposal for Increasing the Intensity of the Alternating-Gradient 
Synchrotron at the Brookhaven Nation21 Laboratory," BhL-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 estimating the required 

additional shielding. A discussion of the various terms and methods used 

is given in Reference 2. However, a brief resume' may be of interest. here. 

The mean free path for removal (h,) is that thickness which reduces 

the radiation parameter measured to l/e of its value. The half value thickness 

for removal (dQ 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 hr = d&/0.69 . 
2 

In a shield for a high energy (33 BeV) proton synchrotron such as the 

AGS, 'the mixture .of nucleon, pion, 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 shields2 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. S.J. Lindenbaum, "Shielding of High Energy Accelerators," 
Ann. Rev. Nucl. Sci. 11, 213 (1961). 

-2 
The production process is characterized 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 inversely 
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- 

ation must be given to the muon problem. But it is well known 1,2 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 

mean free path (h 
g 

) which is strictly defined for an isotropic point source 

surrounded by a spherical shield starting at a distance ro. The appropriate 

equation utilizing this mean free path is: 

. 
r2 

{RoF.P.), = (R.F.P.), x O P(r) e-(r-ro)'hg , 
0 7 

where R.F.P. stands for radiation flux parameter, 

S(r) is the build-up factor. For r - r. >> Ag, P(r) tends 

toward a constant value. 

This.formula can be generalized for the anisotropic situation to: 

r2 
(B.F.P.)r 8 = (R.F.P.), 

> 0’ 

8 x ' S(r,@) e-(r-ro)'hg . 
7 

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 

sdnich deduce and compare conclusions about the removal mean free path 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 
& 

=ilr 150 to 160 g/cm2 when a high energy nucleonic component is. . 
the controlling element (longest mean free path) in a shield thick enough 

that approximate equilibrium build-up is reached. 

-, 

‘. 
/. ,, 
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Ai second mean free path th2t h2s been used extensively is the so-called 

bad geometry mean free path (lb). Assuming the source to be an infinite plcnc, 

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

liany experiments with geometry far from good, but not quite strictly bad 

have been analyzed using this definition. In general, a good average value of 

)‘b 
is about 130 g/cm2 for ilmenite-loaded concrete when high energy nucleonic 

. 
_ . components dominate in thick enough shields. Thus ) measurements at BKZ on 

attenuation in sand (Section III) should not be accepted uncriticaliy as justi- 

fication for a lowe;- mean free p2th than the conventional hb M 130 g/cm'. 

In fact if one looks ciosely at these measurements their inherent complex- 

ity is emphasized -by the fact thet at a thickness of about 20 to 2.5 feet of 

sand, Jghich corresponds to 8 to 10 feet of ilmenite, a transition in.controliing 

component seems to be taking place. The weakly interacting tails found on the 

d 0 S ime't er attenuation curve appear to be muons coming from charged pioas origi- 

nating in the B-lO.t~:get. Therefore in adding more shielding it is even 

possible that a t-ransve-rse me2n fr2e ?ath greater than x7 ShGilid be us2d in D 

some spots. if .t"Gs A,..& should be necessa-ry, it can be locaily provided for later. 

it appears that using zhe conventional h b is sufficiently conservative at 
3 

present. A h,, X 130 g/cm- corresponds to 13 in. of ilmenite and about 32.5 in. 

of ordinary concrete (150 lb/ft3). 

Target Building Shieldin,% 

At iO12 protons/pulse or 4 X 10 
11 

protons/set it has been possible to 

z;tain, on the average, tolerance conditions (- =C 2.5 mrem/hour) outside tha 

shield for targets in the G-area. A special inner shield of 2 ft of concrete 

has been added around the G-target are2 since the earlier investigation. 

Therefore the conclusions are still consistent since the average effect of 

this inner target shield should be an attenuation of about 3. For general 

purpose shielding to allow 4 X 10 
12 protons/set to be targeted anywhere in- 

side the Target Building shield we should discount this factor of 3, thus 

leaving the earlier average tolerance estimate of 1.3 X 10 
11 protona/sec. 

Therefore we still need a factor - 30 increase in the side wall shielding 

attenuation. 

Since it was also concluded 1 that skyshine (or particles emanating from 

the Target Zuilding shield roof) is appreciable and may contribute - 502 of 
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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 desirable1 to use ordinary concrete for the Target Building 

side wall additions because ground shine is already a problem (contributing 

x 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 

compared to ilmenite. Hence (hb) in ordinary concrete M 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- 
0 
sistent with the approximation involved in the calculations. Since ordinary 

0 

concrete still differs in density from the sand (psand - 115 lb/ft').under 

' the .ordinary concrete floor pads, we have therefore introduced the equivalent 

of - 2: ft 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-l. If 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 shielding material can be stacked over the magnets in the Target Building ', 

without serious structural modifications to the building. Therefore.the ad- 

o 
ditional shielding required 'will be obtained by replacing with steel the inner 

I 

‘- 
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layer of 4 ft thick ilmenite blocks. An estimate based 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. Four feet of steel equals 7.2 feet of ilmenite, hence we gain 

the additional effect of 3.2 ft of ilmenite which is about 3 m.f.p. and corres- 

ponds to an attenuation factor of F=: 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 i?hase 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 transverse 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, hb = 130 i 30 g/cm2. At the lower limit, this mean free path equals 

the raw transverse mean free path (corrected for geometry) observed in the 

sand measurements at BXL. At the higher limit 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 Ejrth 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 lo11 protons/set incident in a thin target in the H-area, the maximum 

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

value of this level depends strongly on the value of the RBE applied to the 

reading. This author strongly favors the conservative approach and uses an 

RBE of 10. Measurements show that this radiation leads to a*s,kyshine level of 

-k 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 

0 

for t>e stated internal targeting condition limitation of only 4 x lOi 

protons/set. 

.& a design goal for the sand cover, we have adopted the criteria: 

(i) that radiation levels at the sand surface should be kept below 1 rem/hr 

for 4‘,X 1012 protons/set targeted internally, (2) that the skyshine at the 

100 meter distance for 4 x 10 12 protonsjsec targeted should correspond to 

about the general population limit level for average continuous operation 

(40-h our week) (i.e., - 0.25 mrem/hr). This would correspond to - 2.5 mremlhr 

if the full beam were targeted internally or the normal occupational tolerance 

per 40-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 Ab % 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 ionization 

hot spots due to muons and nucleonic and pionic hard components may require 

longer 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 A, M 130 grams in general 

experience seems to be reasonably conservative for general design purposes. 

For a-factor of 30 we need 3.4 m.f.p. x 440 g/cm'. Since earth has a density 

of Ir 100 lb/cu.ft, each foot of earth thickness is equivalent to 48 g/cm2. 

Hence we need 9 ft of additional'earth. Therefore it is planned to add a' 

new, structure which will support an additional 10 feet of earth fill (see 
. 

Section IV). 1 
: .' 

, 
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III. Radiation Measurements Around the AGS 

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

Since the AGS Conversion Program involva; increasing the intensity of 

a presently operating accelerator, it is highly worthwhile to study the 

shiel'ding of the existLng machine in order to determine t::;,: sh;lFeiding re- 

d quirements for the converted AGS. ThLs is particularly appropriate, sLnce 

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 shieidLng measure- 

ments is not yet complete and is being actively continued. However, there 

are some interesting and significant results whic'n are reported here. 

Fast Particle Flux in the Sand 

In order to predict the fast flux intensity for strongly Interacting 

parti,;3i -es (E > 20 MeV) emerging from the increased thickness of sand cover, 
cil-' activation both in polyethylene foils and Ln plastic scintillators was 

studied in the existing sand over the tunnel. Measurements were made in 
--_ L-Ae 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-ii, H-13, and H-15 (Fig. 3-l). 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 weils.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 tarm-- ,+L one half inch long was flipped into 

the circulating beam at H-IO. i'i has been assumed that all of the circulat- 

ing &otons eventually interacted in this target because of multiple travers- 

als &round the AGS magnet ring. 

Por the results described in this report the only iqortsnt shielding 

masses were the AGS magnet downstream from H-ICI, the tunnel concrete, and 

the sand cover. 

In the vertical plane over the circulating beam polyethyiene foils were 

placed at two foot intervals in the pipes at H-11, H-13, and H-15. The c iaSt 

flux intensities;for the three .wells at various depths are she-cm on Fig. 3-3 

and a contour plot of the isofiuxes 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 lin the ver- 

tical plane over the beam, it was dQ- LLided to measure the fast partLzi.2 flux 

intensities in the median plane of the AGS outside the tunnel where sand 

Tenetrations up to 50 feet can be realized. Direct comparison between results 

in the vertical plane and in the median 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). 

(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 magnet 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 

counting rate near the top of the rin g was near the background limit for 

fluxes on the order of a few hundred per centimeter2 per second. To increase 

the'counting rate, scintillators (Pilot B) in the form of cylinders one Inch 

in diameter and two inches long were used instead of the polyethylene foils. 

The plastic scintillators were suspended in the side wells at a depth corres- 

ponding to the median plane. The plastic scintillators were calibrated 

against the polyethylene foils as described in Appendix B. 
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Semilog plots of the results are shown on Fig. 3-5 for radial distances 

outward on the median plane from various magnets, and a contour map for the 

same data is given on Fig. 3-2. 

Comparison between Ae semilog plots, Figures 3-3 and 3-5, does not 

reveal any significant differences for the particle intensities at corres- 

ponding thicknesses of sand. From this it is concluded ;kat the AGS magnet 

does not contribu-e to the side and roof shielding for fast particles emerging 

from,the s-10 target. The data f:om the H-11 side wells have not been included 

because they ore greatZ.y influenced by the void created by the access tunnel 

(see Fig. 3-2). 

14-MeV Neutrons 

a. Scintillation counters 

~lnxes were measured at many points in the earth cover utilizing scintil- 

lation counters. Tke cou' nxers consist of Pilot B diphenylstiljene scintillators 

mocnted Oi: the end windows of Type 6199 photomultipliers. Counter gain is con- 

trolled by varying the photomultiplier high voltage. Signais deveiop2.t at tl;e 

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

inator circuit which registers only those pulses which exceed 100 r..lllivolt~ 

of amplitude. The circuitry is capabie of counting at rates as high as 100 Mc/sec. 

Table 3-l summarizes the differences in <he scintiiiators. Fig;ur- 3-6 is 8 

typical response curve for a given counte-r, showing its sensitivity to a variety 

of radiations. 

Scintillation counter data were always obtained by recording the flus de- 

tected at a Tarticula-r point during targeting, and for an equivalent time when 

there was no accelerated beam. In the great majority of cases no 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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Naterial 

Scintillator 

3 i 2m (in.ch) ;ength (inch) Volume (cm'; 

The data plotted in Fig. 3-4 were obtained with Counter >;o. 5 oz,erating 

The data of PLg. 3-4 ~3.0~7 an in:~y~sifica~ion 0, iai.jer *neqy pz.-rr<cL2s, 

57hich were not detected by Cxi activation, arising from the absence-of 0x2 
c root cf steel in the magnet gap. TFAzre is alSo sax2 iydicaiLoyi of 2 Izssez 

The data on. the median plane - ,. -_._ - both outward from the IL.++tiC ring 22 init;ard 

are plotted on Zig. 3-7. The inwa-f& rksult s a,~- :-Ligi-eL.= t;;;n the ouj-~~~-~~ ; t>,-ls 

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

The results show a tailing off at about 14 feet of sand, but the cour;L::g 

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

b: N224 activation 

Aluminum foils were included with the plastic scintillators to measure 

the neutrons with energy Ln the neighb:;:t ood of 14 MeV, Ghich is thc';eak for 

the giant -resonance in .;he c-ross section for neutrons bombarding ~.lumizcm 
, 

making Ka 
24 . y'i;e foils t7,xe co-.-zted th-ree ho*urs after boAa:dment when only 
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Na 
24 

.and F 
18 

were present in significant amounts. The foils were counted 

again 20 hours after bombardment when the F l8 (?I$ = .llO min) had decayed, 

leaving the Na 24 (T% = 14.8 hours). 

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 film, DuPont 555 

and 1290 8-y film, and with Bendix pocket dosimeters. The;films were packaged 

in a standard BIK.film badge container and lowered to the median plane in the 

side &ells 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. NINA film 

NTA,film will respond to any ionizing particle having 2 specific ion- 

ization greater than 60 MeV/cm in the film. This limits the muon detection 

to those with energies less than 3 MeV and protons of less than 20 MeV. 1 For 

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 Cheka.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. 
ik 

1. R.L. Lehman, UCRL Report 9513 (1961). 

2. J-.S. Cheka, Nucleonics '12, No. 6, 40 (1954). 

-x- 
Data of C. Distenfeld and R. Colvett (private communication) indicate.that 
NTA film sensitivity 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 

shox& 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- 

gest&g 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 condenser ionization cham- 
. 

bers (manufactured by the Bendix Aviation Corporation, Cincinnati, Ohio) were 

used.' 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 with'gamma 

rays from Co60, neutrons from a Pu-Be source, and minimum ionizing protons 

in the external beam from the Cosmotron. 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-HeV 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 

utilitiing a l-BeV proton beam from the Cosmotron. The results showed the 

pocket 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 well. 

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-scale were used. All instruments were identical in construc- 

tion,. differing only in the size of the capacitor. . 



- 3.7 - 

0 

The selection of the sensitivity of the dosimeter to be placed-in 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, 

quiet 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- 

rectel for the normalization. 

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 

h vs. Detector P 

0 

Detector 

Cl1 (Fig. 3-3) 

Cl1 (Fig. 3-5) 

Stint. (Fig. 3-7) 

Al (Fig. 3-9) 

NTA (Fig. 3-10) 

Dosimeter (Fig. 3-12) 

he (ft> 

1.6 

1.53 

1.48 

1.50 

1.80 

1.50 

1.57 i 0.07 

. Ae 5 1.57 x 30.48 x 1.82 = 87 i 4 g/cm2 

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

87 i 4 g/cm2. Fifteen samples were obtained from a variety of locations and 
, 
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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%. 
n 

Yhe measured value of 87 f 4 g/cmL for the mean absorption length is 

considerably iess than the 150 g/cmL 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 Seen obtained from head-on -beam stoppers. 

The resxlts4 from the C 
11 

activation ii1 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 lengths 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 sholm on Fig. 3-13. 

The Cl1 activation data from both the vertical and median planes have 

been converted to dose rates 5 from 

4 x lo3 neutrons/cm2/sec = I 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 

Remjhr = 
10 X C;.93 X roentjiens 

16 

.ion, AGS Magnet Enclosure Structure, 3. Dames SC Moore, Soils Investigat 
May 20, 1966. 

4. W.E. Moore, BAIL Accelerator Dept. Internal Report AGSCD-6, . 
.Ianuary 24, 1966. 

5. 2qO-BeV Accelerator, Preliminarv Project Report, January 1966, L?XL; 
also, CERhT uses 104 neutrons/cm2/sec = 1 rem/hr. 

I 
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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 

unity‘was used. The Cl1 and dosimeter dose rates have been plotted on 

Fig. 3114 normalized to 4 X 1012 protons/set stopping. 

Attenuation Through a Duct 

An eight inch aluminum .tube, 10 feet iong, 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 concrete 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 

la-vels with a standard BNL Bdalth Physics integrating ionization chamber. 

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

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

l Figure 3-15 summarizes the data. Uncertainties in position are i 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 

Lzing varie d to some extent during the measurement, an error of f 10% seems 

reasonable. 

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

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

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 

constant pulse-to-pulse circulating beam intensity of 1.5 & 0.5 X 10 
12 protons 

per pulse at a 2.4 second repetition rate. 

The data show that the distance aion, 0 the duct necessary to reduce the 

dose to l/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 wiil be reduced by a factor'of 

- e-2o/2.5 = 3.3 x lo-4 
NTo, 

- . 

NO I 
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APPENIIX A 

Foil Counting Calculations 

.At any time, t, during bombardment of the foils, the number of Cl1 

atoms present in the foil can be found from 

dC= Cl1 dW -.+.t=k-= 
dt x dt 

kqg 

whose solution is 

Cl(t) = e -t'h (K -I- k s g et'h dt) or ' 

-t/h s dP = e K-i-k?] dte t/A dt 

where 

dX do is the fast particle flux/cm2/min 
L 

dP 
dt 

is the circulating protons in the AGS per minute 

.?1 is a factor depending only upon the position of the 

foil with respect to the target and has units cm 
-2 

h is the mean life of C 11 

= 20.3 min X 1.44 = 29.2 minutes 

k = A(1 - ci) o(E) w/m.w. 

23 -1 
A = Avogadro's number, 6.0228 X 10 mole 

o(E) = the cross section for inducing C 
11 taken as 

29.0 f 1.3 X lO-27 cm2 

(1 - 4 = (0.88 5 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 

(1) 

(2) 

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



W = foil weight 0.1028 i 0.0008 grams 

m.w. = molecular weight of poiyethylene = 14.03 grams/mole 

-5 2 l‘< = (11.26 i 3.75) x 10 cm . 

If the foils, are bombarded for 60 minutes with a uniform circulating 

beam intensity and (dC1l/dt)o is the true count/minute after an hour's bom- 

bardment 

( dil > 
cl”(ti) = i, * 

0 

From (2) 

xhere E is the counter efficiency which for the wiil counters in the BLi 

Chemistry ilepartment is7 

0.737 i 0.011 . 

(dC+dt)t, 
dN /cm2/min 
dt = k E(l - e -t+ 

= C 11.26 x 10 
-5 x 0.737 x 60 x (I - e 

-60/29.2)]-.l ( d*$l ) 

"1 

= 230 (dC"/dt) 
5 

strongly interacting particles/cm2/sec 

where (dCil/dt), are the counts/minute corrected for 
i 

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. 
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IV. Structural York 

J.H. Lancaster 

Extensive calculations by the firms of Stone G Webster Engineering 

Co-f~fi-yatiop- 23 d A C?LCL~~SS T . Nain > IYC I -> and by Brookhaven's consultant, 

Professor Clarence Dunham, have shown that the existing reinfo-rced.concret2 

magnet 2nclosure, which WAS originally designed for five feet of earth fill 

and ::hicl: is now carrying ten feet of earth fill, cannot carry additional 

weight without major structural modifications. 

During preliminary investigations a considerable number of alternate 

designs w2r2 investigated. Among these were: chemical soil solidification 

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

drilled-in caissons supporting similar girders; new roof girders supported 

on spread footings; steel culvert sections over the tunn2i; steel arch 

construction- 3 concrete arch construction; and a number of designs using 
A-L cLle 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 thr2e-hinged arch type structure spanning the 

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

footings have be2.n selected to minimize additional loading on the 'cunnal. 

The new structure will be designed to support ten additional feet of earth 

fill in-mediately upon construction 21~s an additional five feet of fill after 

the concrete has reached its ultimate strength and the footings have develo>2d 

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

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

also have to penetrate two reinforced concrete siabs having a totalthickness 

of 33* - m&es . 

-There are a number of special sections of the tunnel which cannot employ 

the arch 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. existin g conjunction at the 50-?IeV linac and 

the new conjunction at the inflector for the 200-MeV linac. Special construc- 

tion work is needed at each of these points to carry the additional sand covsr. 

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 x.7ill be twenty-two 18 inch diameter 

holes spaced around the ring for use in remote surveying of the magnets. These 

will be vertically over the roof of the tunnel directly over the appropriate 

pile caps. Since surveying will only be done w'nen the accelerator is not oper- 

ating, shieiding will be accomplished by solid plugs filling the upper portion 

of each hole when the machine is operating. 

2. Personnel and equipment tlccess ports. The existing access ports wJF11 

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 m&h as possible of the auxiliary equipment outside of the tunnel, it will be 

necess.ary 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 tr7elve 

4 inch. diameter pipes cast in a concrete bank. The banks 57ill enter the tunnel 

below the median plane an d wili 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 iine of sight through the duct. The attenuation factor through such a duct 

is expected to be of the order of 10m5. A radiation shieid 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. 

l 
The presently existing escape hatches located around the tunnel will be 

abandoned and permanently plugged with concrete. 

1 
, 
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v. Activation and Radiation Damage* 

C. Lasky 

-- ;resent averan.-- radi-* 3- a.l_ion exposure of the operations personnel runs 

between 30 to 40% of continuous working allowance. it arises primarily from 

exposure to residual activity in;lc; the machine tunnei and in pzrticular 

from‘those portions of the ring in the immediate vicinity of experimental 

targets and ext ernal beam equipment. Following the Conversion, these residual 

levels can be expected to incr-- Luse by significant factors. The decay rate will 

depend on the particular concentration of materials in the neighborhood of the 

individual tzrget. 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 BXL 

for t%o typical irradiations. These decay curves were published 2s Figures 

iV.6-2 through iV.6-7 in BX,-7956, pp. 241-246. 

Since high levels wili be unavoidable in these areas the following several- 

pronged approach is being taken to reduce drastically the time spent in these 

areas'by operating personnel. it is anticipated that after conversion 2 magnet 

module can be removed completely from the rin g structure in approximately 

10 minutes. All of the disconnect devices will be of a quick operating nature. 

Vacuilm chamber flanges will be connected with quick disconnect "Marmon" clamps, 

water manifolds will be of a self-sealing boltless type, 2nd the electrical bus 

bar wiil be a single nut, clamp type, relocated in a readily accessible position. 

The vacuum chamber clamp and th e bus bar connection are being designed for oper- 

ation'with long-handled wrerlb -nhes and will be comp2tible with the remote-handling 

device being developed. 

-This subject is covered in considerable detail in BNL-7956, "A Proposal for 
Increasing the Intensity of the Alternating-Gradient Synchrotron at the 
Brookhaven National Laboratory", May 1964, 2nd BNL-9500, "Alternating-Gradient 
Synchrotron Conversion Program, Scope of Phase I", September 1965. 
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TJhere an operation is rigorously defined, such as target changiiig, special 

single purpose, completely unattended automatic machines will be built. The 

first such target changing machine is ;>rcsently installed on the operating ~GS 

at the G-10 target position. 

Magnet coils in the immediare viciility of targets ~Lll be replaced ~7lth 

coiis having insuiation good for at least 2 nine ye:zr life at the new Oper2ting 

levels of the AGS. Samples of these insulations have already been teszed . m 

the Bi\uZ high gamma flux facility to esposu:e ieveis of 2 X 10 1c rads, the equiv- 

alent of nine years' esposure immediateiy downst~-tiam fPG3 2 target absorLing 

2 i( 10 12 protons per second ccmtinuo-ml-y. Tl;lis is bssed on 2 radiation survey 

which indicated that the hot spot on the coil immediately downstream from 2 

target in 2 ten foot straight section 2~bsorbed 3.5 X 1OS rads for 10" 
7s 

protons 

absorbed in a beryllium target. Exposure levels at the next downstre2m magnet 

are lo>Jer by a factor of six. With any reasonabia diversity factor among the 

several experimental areas of the converted machiz;I: the minimum insulation 

life of the most exposed coil is estimated to be 0, the order of ten years 

even for Phase II operation. 

The Conversion also has 2s a design goai tLe replacement of ail organic 

gaskets in the vacuum chamber. ?-resent desim-- uAL~ show a double metal gasket 

with a pump-out between the gaskets. The pum~-out space ' i' -7 7 
. 1S 2iSO pr0v:ce.c wirn 

E valved vent. The normal operation will not call for fo-re-vat pressure in 

the:pump-out -region. Instead, the.vent valv* will be left open and a long 

tube wili be run from the pump-out port to a leak test manifold at some dis- 

tance from the target area. It will then be possible to leak test the vacuum 

ch2mber gaskets quickly without involvi:ng personnel in the hig'n residual activ- 

ity areas. ..4lmost 211 of the present vacuum group exposure comes from leak 

testing 2nd replacement of radiation damaged organic (Viton A) gaskets in zhe 

vicinity of targets. The replacement of vacuum pumps and g2uges presently on 

an approltimate 50 foot spacin g with pump; and gauges on an S foot azimuthal 

spacing 2nd 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 aiS0 provide for remote 
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observation of possible radiai and vertical motion of magnets on the ring 

structure . Twenty-two new penetrations will be mad2 of the tunnel roof to 

allow'optical instruments above the tunnel shielding to observe, through a 

system ;f fixed mirrors, targets fixed t0 esch of the ring magnets. - i,fle;e 

penetrations will be provided with removable radiation.?lugs. Th?a magnet 

1ocztLng pins, the vert ical and the radial adjustments, will aLso be re- 

des igi;& fo-; more easy menipulation by remote-handling devices or by motor- 

ized drives. 

The ,kGS closed magnet cooling system contains 15,000 zallor,s (5.7 X 104 

liters) of deionized water. The pr;l-. sent flow rate is 1,400 gpm with provision 

for passing 25 gpm through 2 mixed bed deionizer. After conversion the flow 
, 

7-2:e will $2 approxim&tely 2,000 gpm with t2ie same provision for continuous 

cieionieation * Yhe degree of deionization is presently controlled by the 

measured conductivity of the water in the closed system. LZ times it is 
. - (j~.Y-~r$~-~ to drain the cioszd system and the possible hazard has been looked 

into. Dtcay curves for ganma-ray emissio;; and some ;a~ma-ray speccr~ h2ve 

jeen ojt,ir;& from XGS magnet wdcer samples by the BXL Chc.Astry Dep2rtment. 

' f-r<tLccl ana1 =i ysis was also made. Decay curves measured shortly after dr2wing 

the samnles showed that most of the gamma activity liZiS a short half life Con- A 
s isteat with 30.4 minute Cl'> 2 major sq2llation Iroduct of oxygen. X corn- 

DOT~L"_ of half life S 1 day, possibly 15 hour Sa 
24 

__ or i3.S hour CU 64 
L , is 

present and also a component of half life > 50 days. Camma spectra of rtz 

i-Jnr---- . 6 llVed tzii show peaks at 0.48 MeV (53.6 day Be7) and at 0.81 MeV (pos- 

sibly ,71 day Co 59 ). The results of 2 radioasszy are listed beiow. The COC- 

ceiizration in pCi./a, the tot21 content of the system %n mCi, and the dose 

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

uenzs of the water s2mples. With a factor of even 100 (this im.plies 3-4 x 1013 

protons/set) the external hazard would still :be trivial although some C 11 

yzdiztion would be x,easurab‘ic near large masses of water (heat exchanger and 

star aoe il tan L) . l- ' 
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Total Content Dose Rate 
(r.:C i) (LL:R/hr) 

3. LL -1 c '0.4 m i.9 x 10 2.1 76 

x2 24 2.5 1-l 3.5 x ur4 0.02 0.9 

B-2 7 53.6 d 3.6 x iOs3 0.21 0.06 

3 
12.3 1.5 10 

-2 - i!& y x 0.35 -- 

0 

Tl;;z S>iJrt llaii-- ‘1 - ’ 1 ifc of the C”’ iaventory wil; prescxt only a minor problem 

i F t-1,2 ~&eces;;'~y -^ arose to dump the contents of the ciosed system. should rhis 

2eccssLty &rise, t& i3e7 inventory can bz retained in the deionizer by dis- 
1 cnarg ir;g t r,oqh i-- it. Another and more satisfactory solution would be to control . 

Li;le Sy~jjaSS ;';lrs:;gh ‘the deiOpAize;- >;T means of the measured Be 7 concentration and 

tT;-Ae-re'sT . . i ] marnta;n tne rotai content below some safe level in the event of a CEIZG- 

s,rophic rupture of the closed system.. 

-k-k 
>Air activlry under AGS operating conditLons of 3 to 4 x iO1' protons ear A 

s.donci wzs asszyed by filliilg a previonsiy evacuatzd VSSSZ~ TLth the 6FsCharga 

Of 2 v~c-~-i;n pun,p drawlrig air from t’ne target area in use. Results indicated 

gr;3s l~T,l&:s 02 4 >; 10 -7 $r;jzc decayil-pg v;;z;, an inFtLai 16 minute haif-i%fe, 

StrOn2iy sugcstizg a mixture Of C 
11 and i' $3 . Sample air drawn from u?stri=sr;. 

of the tgrg,et yL,xided 2 level of 0.1 i( 10 -5 gXi/cc. 

Several 400-chznne; aml~ loses Caere concucted with fresh 50 ft3 particulate 

air saiqles COliZCtEci Oii Dl2;m2n-4S filter paper. The sampling -rate was 5 rt=/ 

minli e. t The 1057 levels measured did not permit constituent isotope idzntifica- 

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

major components during the sam>iing. The decay curve of the dust sampie was 

0 

9: 

Taken from XL-7956, p. 248. 
-p;< 

Abstracted from "~~lternating-gradient Conversion Sumary", C. Distcnfsld and 
R. Colvett, Health ?hysics Divisi;::, Dro;Xxven Xational Laboratory. 
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resolved into three constituents. During the first hour it decayed with an 

11 C?LZlUte half-life. ijetween i and 4 hours the curve fitted a 45 minute 

>df-iifc, and between 4 and 10 hours it fitted a l3.5 hour half-life. 

ConsiderLng the 07.rm.a SCaiiS 
a‘- 

, li,slf-;L~s~cs, and avaiiablc materiais, a mix- 

-cur2 2.~ rime zero of 6O'j: N 13 ) 35% p;Ji , 34 ad 2% IXa" woeuld account for nearly 

7.1-i .a....^ the dos - L. Based on the above, 2 long zx;>o;ure dose of 0.075 mK is indi- 

C&tad due to d.dYt* The observed gaseous activity x7ili constitute an immersion 

dose. -L-s s'zm-;ncr -. 3 an inrlnite cloud of Ar4l tl--e measurements indicate an entrance 

dosz :-2te 02 2 -5 cl;;/'ny 01 2 Long epqos-cre dOSe of about 5.0 iZX. This probably 

overestimates the exposure 'by c factor ~,f 20 due to tLti, actual presence of the 

short-lived >:I3 and C1l. In eL~Ler CVZLS these dosages are Lnsignificant when 

c 02-m a- ed . - to tLe dose due to activated machine components. 

The above results are soire~7Lat at variance with previous measurements 

Fz;JO,ted in Bia-7956. The differences lie primarily in the manner in which 

i;lie a<~* 21;. &SE samples were drawn. The results reported above more nearly 

~~pro~cp. t& actual dynamZc Si tUaiIiOii tha,- -1 does the s-ratic situation re?re- 

sent-d by measurements on air contciLned in ball sons and exposed near a target. 

~07--La~ 07 3- -,Lrat<on of j$e ai-r-c~p~di-jonl 71,~ fens -,. a (10% ;‘,- .: tisli air intake) results 

ln a Cornpie: air Chang;e every 90 m',LUtES. finder emergency conditions the 

anti-r? tunnci eLr can be changed in a little over 9 minutes. T'ne Conversion 

~Jogr~pa calls for the zzcessary modi?iczcions to the air handling systems ;o 
. . p,~l~ operazl. 'on of ehc entire xichine enclosure at a slightly negative pres- 

sii-ce --?I.. - 2 L.L*ve to the outside ambient. 

3LL ~,~~,~c:;ior~ of x2-a in t:L:;s ci;ncy&e tunnel w2l lj and shielding blocks will 

Co~L=i--‘~;lte to the activation ra diation 1svsis in the tunnel. ljoron loading in 

the concrete can rc?duce this effect substantially. in the esisting tUilZ2i 

walls addition O? boron to the concrete is impossible. However, it seems 

3ossibl.z to oevelop a boron loaded plaster 17hi.ch could be ar,plied to the 

t-c-me i wa Ils in high activation areas v7here the Xa 24 contribution is signi- 
c. f icant. In new construction, boron loading of the concrete will be used where 

appro?rlate. 





. . ._-_ 
: . . .a Lh.2 Vai-l0uS personnel Who were ii, .Zhesc arszs leave through the mezned 

;;k.ZZ I t&i-r nzmas and film bacige numbers are checked off. When all pzi-sonzei 

.i-iavc LSUS Se*n accounted fax-.-, the gate is lock>d, local circuits reSei, and . 

clzcrance is given to main ccstrol. Additional circuits can ti-ien 3e reset at 
i ine ZELn COnSOle. Xachiile operation, in particular :xin rnagnz'; pulsing and 

accelerated beam > can proceed. 

15 ths over-all operazion of the LGS, situations srisc requiring personn27- 

io e..T;icr I arid 3, Ln t'=,e;z xeas for re;a-Lively brief p~;.Locis of the order of an 



In4ornation lights and IL&ted signs ari: 1LS;rally located in all t!hzse 

2-F c I s _ - > ?ar,i CUl2Ply at like gates, t0 iiiCiiC&ZS t:le various states of acceler- 

a~or operation and set-urity system. 2; addition, prior to any change in 

accelerator status or oFcrating condition > appropriate ;Jeublic address system 
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I) 

..The plastic scintillators l.ese calibrated against the polyethylene 

foili; by means of a simultaneous exposure in the midian plane at H-13. 

The comparison was made ~5th I.2 feet of s..zd intervening between the 

outside of the tunnel wall and the place of detection which was c 11 acti- 

vation. The foil gave 743 countsjmin and t?.e saintiiLator 3.25 x 10' 

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

,From Appendix A, the fast particle llux intensity from the foii 

. 
4jF = 230 x 743 = 1.76 X 105/cm2/sec 

0 1 . 76 x 10 
5 

Scin = 
3.25 x i05 

( g )scon = 0.54 ( g ;Sc;n 
1 

where' (dCil/dt)Scin are the counts/minute corrected for background, decay, 

and counter efficiency. 

PDPENDix c *A 

Neutron J?'li;x from XT:+- Fi.lm 

.-- - L 

From NTA efficiency cusvc, assumir,g mzan es.ergy of - 2 I%eV 0-r 

3 :racks/25 fields for 106 neutrox/cm2. yo:; 2 WV neutrons 

18 neutrons/cm2/sac = 100 mrem/40 hours or, 

since 

6.5 x 10 4 neutrons/cm2/5r = 2.5 mrem/hr and 

2.6 x lo4 neutrons/cm2 = 1 mrem . 

3.2 x lo5 
3 

1 track zeu, Yonsjcm- 
25 fields = 

2.6 X lo4 neutrons/cm2/mrem 
M 

1 track 12.5 
25 fields = 16 hours = 

0. 77 mrem/hr . 

12.5 mrem 
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FAST /=-LUX (CrHz FO/lS ) 
. . 

n/OfLc - 
-- 
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DISTANCES IN FEET RADIALLY 
OUT FROM OR5lT 

NOTES- 
I- MULTIPLY READINGS ijY IO3 K/c++SEC 
Z-NORMALIZED TO 2.78 X IO” P/SEC 

FIG. 3-2 

PLASTlC SCINT; MED. PLAI\IE 
5/25/m 
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0 
Fig. 3-3. Past particle flux in sand cover 

over the tunnel roof 
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Fig. 3-5. Fast partiqle flux in side sand 
outside tunnel on median plane. 
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Fig. 3-6. Scintillstion counter No. 3 
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Fig. 3-7. Scintillation counter data. 
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Figure 7 , 
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14 Mev NEUTRONS FROM ALUMINUM 

FIG 3-8 NOTES -. 
I-MULTIPLY READINGS BY IO’ N/c&/SEC 
2-NORMALIZED TO 2.78x IO” ?/SEC 
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Fig. 3-9. 14 MeV neutrons from 2.78 x lOI1 protons/set 
at 30 BeV at H-13 
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Normalized to 2.78 X 1011 protons/set. 
12.5 mrem/track assumed. 

O- H-12 

A- H-13 

o - H-14 

Fig. 3-10. XTX film. 
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DOSE- 12.5 m&n/ TRACK[ZS f 
ASSUMING NTA EFFICIENCY AT 
2 Mcv = 3 TRACKs/25f/106n/cm2 

NTA FILM TRACKS/25 FIELDS 
FOR 2.09 x 10” PROTONS TARGETED 


