
Fermi lab 

DESIGN STUDY FOR A HIGH ENERGY MUON BEAM 

R. Evans, T. Kirk, and A. Malensek 
Fermi National Accelerator Laboratory 

and 

B. Musgrave and J. J. Phelan 
Argonne National Laboratory 

November 1977 

TM-754 
2960.000 



INTRODUCTION 

TM-754 
2960.000 

Plans for upgrading the muon physics program at Fermilab have 

been under discussion for several years and typically focus on an improved 

muon beam. The Fermilab Summer Study Reports for 1968, 1969, 1970, 

1973, 1976 all have papers and discussion on this topic. The last named 

study stimulated a detailed design project by the authors on which we re

port in this document. The general guideline we adopted in this work was 

to create a new muon beam design appropriate to the Tevatron era at 

Fermilab (1000 GeV protons). The design was further constrained to yield 

good performance at present lower proton beam energies (400 Gev1. Within 

this context, we applied the following design criteria: 

i) high efficiency (µ, / p ,..., 10 -
5

) 

ii) low 11 halo'' (halo/beam '""5o/o) 

iii) broad tuning range (2 75 ..:s:; p ~ 750 Ge V) 

iv) good optical quality (Rb < 3cm) 
eam-

v) low hadron contamination (rr/ µ<10-
6

) 

vi) freedom from interference with other beams 
and equipment 

vii) momentum tagging capability (..6.p/p < 2%) 

viii) acceptable radiation hazard on-site and at site 
boundaries. 

This preliminary study of several beams along with their associated 
. (ij 

halos has been done usmg the Monte Carlo programs DECAY TURTLE 

and HALO. (
2

) The CERN-SPS muon beam design expects to realize a halo/ 

beam ratio of rv2o/o over 4x4 meters(
31 our definition of halo corresponds 

to a 10 foot x 10 foot area. 



2 

PROTON BEAM 

TM-754 
2960.000 

The overall plan for achieving a proton beam and production target 

for muon experiments separate from the existing NO beamline is shown in 

Figures 1 and la. The essential features are taken from TM729(
4

) (alterna

tive 2) with minor modifications. The path of the beam is 30 milliradians 

to the east and 10 feet below the NO beamline. The main points of the pro

posal are: 

1) The existing G line is split horizontally with 50 ft. of electrostatic 

septa at the Gl manhole. 

2) A new tunnel section labeled Gl. 5 will contain 60 feet of Lambertson 

magnets which bend vertically. 

3) G2 will be extended and contain four 22 foot superconducting dipoles 

run at,..._, 40 kilogauss. The dipoles will be rotated so that they com

plete the 10 milliradian vertical bend started by the Lambertsons, 

and give a horizontal bend of 30 milliradians. 

4) The beam drifts to the Muhall target areas in the vicinity of Enclosure 

100 where it is focussed onto the target. 

5) The majority of the new beamline can be installed by means of a trench

ing and pipe burying operation. Since the beam is 10 feet underground, 

little earth moving will be required for berm construction. There is 

no interference with Nuhall, the Target Service Building, or modifi

cations to the decay pipe. No penetration of the Neutrino "bathtub" 

for containing radioactive ground water is necessary nor is any 

digging of radioactive soil. 

THE MUON BEAM 

The muon beam basically consists of two target stations, a front 

end triplet which efficiently collects the parent particles, a decay section, 

a hadron absorber, and a part which selects and tags muon momenta and 

reduces halo. We have mainly employed the WANG(
5
) parameterization of 

particle yields with the standard assumption of K/ 1T ~ O. 1. An alternative 
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parameterization which makes a definite prediction for the K/Tr ratio at high 

energies is that due to AdaiJ
6

). The pion yields matching to the acceptance 

of the proposed beams are compared for these two parameterizations in 

Table I. The WANG pion yields are about twice those of Adair. Adair 

predicts a larger K/rr ratio than the 10% usually assumed. 

In order to check these formulae, we have attempted to reproduce 

the muon yields in the existing muon beam at Fermilab (Nl line). We have 

used the WANG parameterization, but can scale to the Adair prediction 

using the pion yields of Table I. The yields are computed using HALO for 

150 and 225 GeV/c operation. The targeting angle of the primary proton beam 

onto the target (with respect to the Nl beamline direction) was 0. 3 mr and 

0. 7 mr, respectively~ 7) which required a small modification to be made to the 

HALO subroutine PIGEN where zero degree targeting and production are 

assumed. The differences from the zero degree values were <10%. As is 

seen from Table II, the predictions are in reasonable agreement with the 

measured yields. The geometry of the Nl beamline assumed in HALO is 

given in Appendix I. 

Four different beam configurations have been considered, although 

only the two having the best halo to beam characteristics were modeled in 

detail. For completeness, we give all four beam layouts and note that three 

of these (called 1-3) have a common front end, Eigure 2a, while the fourth 

is different, Figure 2b. The primary features of each section are described 

below. The design uses the specifications of an existing quadrupole, the 
8 4Ql20 , and 20 foot long, 15 kilogauss bending magnets with 4 11x6 11 aperture. 

A. Target Stations 

The proton beam will be directed at either of two targets in 

Muhall. The two targets will be separated in Z by 24 feet. 

The upstream target will be used whenever the pion beam is 

tuned for a momentum greater than 600 GeV/ c. Using this 

scheme the triplet will capture roughly the same P 1 at high 

and low energies. These two targets could be placed in two 



4 

TM-754 
2960.00 

separate manholes similar to the target manhole that now exists 

in the decay pipeo It is also possible that a target tube similar 

to that in NU.hall could be used. One train car containing the 

target, a collimator and the necessary instrumentation should 

suffice. The cost of the target tube with its associated tracks 

and access tunnel is comparable to the cost of th~ manholes. 

The manholes offer the advantage of having .~vacuum all along 

the beam, however servicing and repairing take longer. 

B. Hadron Capture· Section 

The purpose of this front-end quadrupole triplet section is to 

collect as many pions and kaons from the target in as large a mo

mentum band as possible. A fifteen foot water-cooled collimator 

will be placed immediately downstream of the target to absorb 

low energy/wide angle parent particles. This will be followed 

by a triplet consisting of ten quadrupo les aligned at zero degrees 

with respect to the incident proton beam. The configuration is 

the same at 750 and 550 GeV/ c; two quadrupoles and a drift space 

are interchanged for the 2 75 GeV/ c operation. Beams 1-3 

contain bending magnets in a notch arrangement serving to get 

rid of the low energy/wrong sign parent particles. All particles 

greater than O. 6p are transported, dispersion-free, to the end 

of the decay channel where there is a water-cooled beryllium 

absorber. When the channel is tuned for parent momenta 

~600 GeV/ c, the 1000 GeV diffracted proton beam is carried 

along the channel and is dumped at the beryllium absorber. 

At lower energies the 1000 GeV beam will encounter a conven

tional dump in the notch. The FODO channel, when tuned for 

2 75 GeV/ c muons, cannot transport the diffracted proton beam 

without significant losses. Beam 4 dumps the protons at the 

front end and the dipole bending selects j:_l0% D.P/P. This 

eliminates early in the beam some of the particles contributing 
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to the halo at the end of the beamline. The dispersion at the 

momentum slit of Beam 4 is shown in Figure 3. Note that there 

is no horizontal focus at the momentum slit, unlike the CERN 

beam, but the triplet delivers a parallel beam to the decay FODO. 

This selection slightly reduces the muon yield as compared to 

Beams 1- 3. These are summarized in Table III. 

C. Decay Channel (rr/K Decays) 

The criteria for obtaining the highest possible muon flux per proton 

have been var·iously described. (9) As illustrated by the CERN de

sign, the FODO array provides the most efficient transport system 

allowing pions from a wide momentum band to contribute muons to 

the desired momentum interval. 

The decay channel is a FODO array composed of 4Ql20 quadrupoles 

having an average half-aperture of 2. 25 inches. The efficiency of 

the channel as a function of particle momentum is shown in Figure 4o 

This curve was made with the FODO tuned to maximize the muon 

flux from parent particles of central momentum P. The transmission 

of the beamline was studied using the program DECAY TURTLE, 

modified to input a parent production spectrum. The results of 

keeping the decay length constant and removing magnets in the 

Parent FODO are shown in the following table. 

PARENT FODO MUON FODO RELATIVEµ/ p 
TRANSMISSION 

L(feet) No. of Magnets L(feet) 800 305 (GeV / c) 

200 15 200 1. 00 1. 00 
326 10 200 0.47 o. 41 
550 6 200 o. 41 o. 30 

3370 0 200 0.08 0.06 
(parallel beam) 

326 10 326 0.9 o.s 
143 21 143 1. 03 1.12 
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After removing the magnets the channel was tuned for maximum 

muon flux while being constrained to match into the Muon FODO. 

The quadrupole strength and hence the phase advance per period 

is arranged so as to contain with minimum losses t~ parent 

beam of central momentum P and a wide momentum band of 

muons resulting from their decay. One can obtain a better 

transmission at the expense of a) adding additional matching 

sections to take the beam from the Parent FODO, make a small 

beam spot on the beryllium plug, and then match into the Muon 

FODO, or b) making the distance between quadrupoles, L, the 

same for both FOD01 s. The first option is not very attractive 

because the number of magnets required for the matching sec

tions is comparable to the number removed from the Parent 

FODO. The second alternative has the drawback of increasing 

the total length and thus increasing the distance that the utilities 

have to be extended. In going from L=200 feet to L=326 feet, 

the length of the Muon FODO increases from 1470 feet to 

2350 feet. This distance could be reduced somewhat by increas

ing the phase advance per period in the Muon FODO, but would 

save only one magnet and correspondingly only 326 feet. Taking 

out more magnets would mean that the angular dispersion, 

d9/dp, would be non-zero. The maximum field strength of the 

4Ql20 gives a minimum value for L of 140 feet, and has been 

included in the table for completeness. We have chosen to study 

in detail beams with L=200 feet for both FODOs. Use of a phase 

advance of ,...., 60 degrees per FODO period for all momenta 

yields both good transmission and a reasonably small spot size 

at the beryllium absorber so multiple scattering can be minimized. 

In this way the absorber can be located within the FODO without 

additional matching sections. Typically, only a small part of the 
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halo at the end of the beam originates in the decay channel, as 

shown by Figure .5. 

D. Muon Transport Section 

At the end of the decay section and the beginning of the final 

FODO section is a hadron absorber which reduces the rr/ µ con

tamination at the end of the beam to <l0-
6

• The absorber,"' 35 

feet of beryllium, is located immediately downstream of the last 

quadrupole of the decay channel and inside the first dipole of the 

Muon FODO. This will also serve as the primary proton dump 

when the beam is tuned for high energy positive muons. Follow

ing the absorber the first bending magnet selects the desired 

muon momentum band. Optically this is followed by a continuation 

of the Parent FODO. The four beams differ in the number of 

FODO periods used to transport the beam from the absorber to 

the detector and in the direction of bending, as shown in 

Figures 8a, 8b, and 8c. In the case of Beam 4, we have simply 

used the same muon FODO as for Beam 2. Most halo at the ex-

periment originates after the absorber, and Beam 2 is found to 

have the best halo to beam characteristics. It is envisaged, when 

desired, that momentum tagging of individual muons entering the 

detector can be accomplished by following the trajectories through 

the last dipole, using MWPC 's and scintilation counters. The 

muon yields at the detector for beams 2 and 4 are given in 

Table III. Three complete periods are used to rotate the phase 

space by 180 degrees. The final bending magnet, in the same 

direction as the first, is placed to cancel d9 I dpo Halo removal 

is accomplished by a series of magnitized iron pipes and toroids. 

E. Halo 

The halo considerations can be separated into two parts. There 

is the direct question of how many muons accompany the beam 

into the detector, and also how many muons irradiate the outside 
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world. We have been particularly concerned with reducing the 

former, although we have also estimated the latter. As noted in 

the 1976 Summer Study(lO), the halo muons are best removed by 

interposing magnetized iron to deflect them away from the beam. 

The elements introduced are iron toroids (at magnetisations of 

15 kg) and sections of magnetized iron beam pipe (this mupipe is 

described in Appendix III). The mupipe introduces a hard magnetic 

edge close to the extreme excursion of the beam; we use a 

pipe ~ith internal and external radii 2 and 3 inches, respectively. 

The radial dimensions were varied in the study and the criticality 

of the alignment was estimated. These are followed at strategic 

places with large magnetic toroids placed so as to intercept the 

halo deflected out by the mupipe am. tlus clear out the larger area. 

There are two toroid sections, one 4 feet and the other 3 feet in 

radius. Both are 40 feet long with a 3 inch radius hole. 

The initial deflection of the unwanted muons is started by the 

mupipe, and then increased further by the large toroids. This halo 

distribution at the detector, before any attempt is made to deflect 

halo from the beam direction, is shown in Figure 6 for Beam 2. 

We assume the detector would present a cross section not larger 

than 120" x 120". However, in order to have a clear working space, 

we also define an area of 300 11 x 200" about the beam. This con-

sideration was used to fix the lengths of the magnetized Toroids. 

Program HALO will indicate where in the beam line the of

fending muons left the aperture and became halo (see Figure 5 for 

the beam without magnetic scrapers). This helps in placing the 

iron. The scrapers we have considered are labelled in Figures 8 

(a, b, c). We started off by assuming a l" wall, 4 11 ID mupipe with 

5 ft. radius, 40 ft. long toroids. The halo/beam ratios resulting 

for various combinations of these elements are given in Table IV. 
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From this we have selected beams 2 and 4 for further study with all 

of the magnetic scrapers shown in Figure 8 included in both cases. 

Note, we have accepted the program decision that once a muon has 

hit an aperture it is labelled halo. There remains the possibility 

of accepting the beam-like halo, i.e. halo close to the real beam, 

as beam provided it is tagged satisfactorily. 

We find that use of a 2 11 thick beam pipe wall for the first 

section of rnupipe requires a larger toroid, and have settled on 111 

thick wall with 4 ft. and 3 ft. radii, respectively, for the upstream 

and downstream. toroids. For Beam 2, we show in Table V the 

halo/beam ratio with the final scrapers and the triplet and FODO 

tuned to various muon momenta. The halo is rather constant as 

the beam momentum. decreases. 

In order to check the credibility of the HALO results, we 

have attempted to model the Nl beam/halo situation. With the 

geometry assumed in Appendix I, Table II com.pares the halo/beam 

predictions at both 150 and 225 GeV I c with the observed value so 

Note that the magnet maps were rough approximations in the case 

of most of the Nl beam quads; the situation was better for the bend

ing magnets. The 150 GeV I c results are for ·300 GeV protons on 

target. There is reasonable agreement between prediction and 

measurement. 

F. Further Considerations 

The low halo-to-beam ratio obtained using the rnupipe idea is 

clearly dependent on introducing the field as close as possible 

to the beam envelope. We have studied the sensitivity of the result 

to misalignment by randomly displacing the four sections of rnupipe 

with results shown in Table VI. Clearly the halo and even the muon 

flux are hurt if misalignments exceeding 1/ 4" are introduced. 
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The effect of quadrupole misalignments was studied, and in general 

the further upstream the misalignment and the lower the momenta, 

the worse the transmission. Since most of the upstream section of 

the triplet is running with the quads at full strength, alignment be

comes very critical at 275 GeV/c. Misalignments of 0. 111 and O. 25 11 

on the two quads running at -5. 5 kg/in. reduce the flux at the muon 

lab by factors of O. 83 and O. 09 respectively at 2 75 GeV / c. A O. 25 11 

misalignment at 800 GeV/c in these same quads yields a O. 93 reduc-

tion factor. 

As shown in Figure 9 for Beam 2, there is no strong correla

tion between the parent decay angle and the muon momenta. However, 

there is significant polarization information preserved in Beam 4 

(see Figure 10) at the expense of intensity. 

At the vicinity of the Muon Lab, the angles of the beam, e 
and cp. are small. This means that either a long hydrogen target 

or a stacked solid target could effectively be used. The muon fluxes 

at ground level at the location of the site boundary were estimated 

using HALO, and indicate a maximum radiation level of about 

40 I . 10 13 d 365 d f mrem yr., assuming protons on target, an ays o 

ope ration at a Doubler cycle of 60 seconds. More realistic expec

tations for annualized total operating times and targetted proton 

intensities will reduce this level to the order of 10 mr /yr. 
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Table I 

Yield Per 10
12 

Interacting Protons in Hydrogen 

Wang 

40 0 GeV Protons 
1,07x1o12 + { 0 - 400 GeV/c 1T 

0 - 20 mrad 

400 GeV Protons 
3. 36 x 10

10 
+ { 175 - 40 0 Ge VI c 

1T 
0 - 20 mrad 

x 
400 GeV Protons 

1.87xto
10 + { 200 - 400 GeV I c 

1T 
0 - 5 mrad 

x 
300 GeV Protons 

3.79xto
10 + {120 - 300 GeV/c 

1T 0 - 5 mrad 

1000 GeV Protons 
6. 82 x 10

10 + {350 - 1000 GeV/c 
1T 

0 - 10 mrad 

1000 GeV Protons + 
K + { 3 5 0 - 10 0 0 Ge VI c 6. 82 x 10 9 

0 - 10 mrad 

.,, .,, 
1000 GeV/c Protons 6 + { 3 8 0 - 1 0 0 0 Ge VI c 2.18x10 

1T 
0 - 1. 5 mrad 

* 1000 GeV/c Protons 5+ 
K+ {380 - 1000 GeV/c 2. 18 x 10 

0 -1. 5 mrad 

+Assume K/ir ..... 0.1. 

xCorresponds approximately to acceptance Ni beam. 

*corresponds to acceptance of Beams 1-4 at 800 Ge VI c. 

TM-754 
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Adair 

3.35xto
11 

1.53xto
10 

5. 81 x 10 9 

1. 35 x 10 9 

3.12x1o
10 

7. 86 x 10 9 

9. 34 x 10 
5 

2. 02 x 10 
5 



Beam 
Tune Type 
GeV/c 

150 Beam 

Halo 

225 Beam 

Halo 
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Table II 

The Predicted (Wang) and Measured Beam and Halo Rates 
for the Ni Beam Normalized to 1012 Incident Protons on 
One Interaction Length Target [obtained by multiplying thin 
target yields in hydrogen by O. 37] • 

Predicted Muon 
Measured Predicted Yield µ/p 

Muon Halo* 
+ K+ Yield Beam 

'IT 

(2. 96 ± o. 52) 10- 7 
1.7x10 -7 4. 7 ± 1. 9 

(1. 4 ± o. 5 )10-6 

(5. 2 ± o. 4 ) 10-7 (0. 86 ± 0. 23) 10 - 8 
2. 5x10 -7 

1. 3±0. 5 
(7.3 ± 2.3 )10-7 (0. 37 ± o. 37) 10-7 

Measured 
Halo 
Beam 

1. 5 

1. 9 

*Defined as coincidence between scintillator planes as in the experiment. 
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Table III 

Muon Yields at End of Beam for Given Tune per Interacting 
Proton in Hydrogen Expressed as µ/p 

B earn and Tune ~p* Wang Muon from 1T + ~p Adair Muon from K+ 

No. 2 670 
( 1. 06 ± 0. 0 8) 1 o- 5 715 

(0.13 ± 0. 04) 10- 5 
750 GeV /c ± i 

70 99 

No. 2 510 
(0.88±0.03) 10-4 

546 
(0. 06 ± 0.01) 10-4 

550 GeV/c ± 1 
63 62 

No. 2 264 
(2. 96 ± o. 10) 10-4 

266 
(0. 06 ± o. 01) 10-4 

275 GeV/c ± i 
37 25 

No. 4 
(4. 6 ±1.3)10-6 

750 GeV/c - -
No. 4 550 

) 10- 5 -
550 GeV/c ± (3. 0 ± o. 1 -.. 

60 

No. 4 263 
± o. 06) 10-4 -

275 GeV /c ± ( 1. 5 ........._...___._ 

31 

>:< Standard Deviation. 
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Table IV 

TM .. 754 
2960.000 

Halo/Beam Ratio for Various Sera er/Toroid Confi urations. 
All for 800 GeV c Tune per Interacting Proton in Hydrogen 

Beam 
Magnetic Muons Halo 

Beam Configuration µ/p Beam 

i None -5 ii ( i. 0 ± 0. 2) i 0 -6 
2 (8. 37 ± 1.0) i0_6 10 
3 (6. 8 ± i.4) iO 9.5 

(Si, S3; Ti, TZ) -6 
2 (8. 37 ± i,O) i0_6 "" 0.5 
3 (6,8 ± i.4) iO ...... 0.5 

-6 
i (Si, S2, S3, S4; T1, TZ) (7. 6 ± i. 4) i 0 -6 "" i. 0 
2 (8. 37 ± 1.0) i0_6 ...... 0. i 
3 (6. 3 ± i, 3) i0_6 ...... 0,5 
4 (4.6 ± i. 3) iO ...... o. i 
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Halo/Beam Ratio for Beam 2 per Interacting Proton in Hydrogen 

,(~tatistics for 15, 000 1T +, and 5, 000 K+) 

Parent Particle 
and Muon 

Momentum Yield Halo Halo 
(GeV /c) µ/p µ /p Beam 

800 1T 
+ (1. 06 ± o. 08) 10-

5 
(0. 52 ± o. 21) 10-6 

9% 
800 K+ (0.13 ± o. 04) 10- 5 

(0. 4 ± o. 2 ) 10-6 

600 1T 
+ (0.88±0.03) 10- 4 (2. 5 ± 1. 1 ) 10-6 

4% 
600 K+ (0. 06 ± o. 02) 10-4 ( 1. 0 ± 1. 1 ) 1 o- 6 

305 1T 
+ (2. 96 ± o. 10) 10-4 (2. 0 ± o. 4 ) 10- 5 

7% 
305 K+ (0. 06 ± o. 02) 10-4 - --
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The Effects of Mu-Pipe Misalignments for Beam 2. 
(Yields are per interacting proton in hydrogen.) 

Beam Tuned for 550 GeV/c. 

Magnitude of Random Pipe Muon Yield Halo Beam 
Translation (Inches) µ/p (%) 

o.o 38± o. 03) 10-4 
2~ 8 ± 1. 2 

0.25 \u.J±0.6 ) 1 o- 5 
4. 4 ± 1. 7 

0.50 (4. 5 ± o. 05) 10- 5 
7.7±3.0 



Figure 1 

Figure la 

Figure 2a 

Figure 3 

Figure 4 

Figure 5 

Figure 6 

Figure 7 

Figure 8 

Figure 9 

Figure 10 

Figure 11 

Figure 12 

Figure 13 

18 

FIGURE CAPTIONS 

Layout of the new muon beam. 

Layout of the new muon beam. 

The front end and decay channel for Beams 1-4. 

TM ... 754 
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The momentum dispersion at the momentum slit of Beam 4 

at 275 GeV /c. 

FODO transmission as a function of tune momentum. 

p = the central momentum of the parent particles. 

The longitudinal points of origin for halo muons inside a 

120'' radius area at the end of Beam 2. 

The halo, defined as muons which have left the beam 

aperture, with no magnetic scrapers. 

The halo with all scrapers on. 

The back end (Muon FODO) for Beams 1-4. 

The momentum of the muon beam at the detector versus the 

decay angle of the parent pions for Beam 2. 

The momentum of the muon beam at the detector versus the 

decay angle of the parent pions for Beam 4. 

The x distribution of the muon beam at the detector. 

The y distribution of the muon beam at the detector. 

The p distribution of the muon beam at the detector. 
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-----"~c~r-t:.:...1.-1.D--')~£ •. ".:.::!L :t'- ----- -----L --------·---*-----'------
2~ r. .n c 1 •n ?l~.c~~ ! 1 ~ 
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·pg. 26 
TM~754 

2900.000 

14JITOCUM-11o~--n -----------------1)AU""H -ocr· ·11------~-nMr:-n1uiu--------..--.. AGf"--U _ __,, ___ _... 
HDRftOWTAL AXIS,~, V IN 1~ PDR HAL~ AT .fSl95~472·fT (~OSiflDN NO, 104) ' 
YUUC•L UJ_!•_!..! it !N SN POR HALO AT .fSIOS.472 Pf (POSJtlON N0 1 10_4_) ______________ .,...... ____________ _ 

:.•s_o~oo '!'3so~oo .• uo;oo •l5o~oo .• so~o~ • so~o~ sso~oo .. 2~0,00 . 350~0~ · .aso~oo 
•~·-·w·•-••-••••••••••••••••••+••••••••••••••~·••••••••••·~·••••••••·•••·~~·•·••+•·•~··-·•+ IUMI 

- .300~00010- .. l!110,11001------- ----,-·-----.-r-·--11--r--·i---u--:--r-1 ·n- rs··u--2-. 1- ---1-·u----------
•2110,000 TD .l!eo,noo ! ' . 1 "' 12311 I I 3U I . -1 l t - l . 2 . I 24. 
•260,000 TP •240,nOO ! 11 I 1 l t I 1 ll 2 2 I i l 18 

-·-2.10,000 ra.-- .. 220,noo·1·-----,-r---i---.-i--------~-----·---·----r----3,--···22-1··------i--1,---
. •220,000 TD .. ~oo,noo t ll t t us s 33 2 2 t · s s · ns 1 u 1 i at 

· •200,000 TO •180,nOO ll lll ll I 121 ·12 11 t 1 1 l I lil22l I 111 • J 33 
- .. Ho,ooo ro-.160,nooT-·---u-2112·21or,--,---·11----·-----------·---l-1--ut- 322--11 · r- ·u--------
. •teo ooo TD •l•o,noo ! 2 t 3 121 35311232 2 1 . 1 t 2 ti 2s st 2 t it l. •D 

·t•o~ooo TO •120,pOO !2 11 t ·llU122U1tl!21 1 ' l 1 10 I oJ '"I . l 11 2 t2 ll u SS u J. ISO 
- .. 120,000 To··-.100,000 ·- u -a J112112 52en212·--1--n·-1--1-··---1- -~,..._ _____ nr l-s u 1111-1 ----.1-r • 1i2--,.------

•1001000 TO •80,oQO I 11124321222211423 l 121111211 . 211 ltlit II l! I 1 l f!l 
.eo,ooo TD .eo,noo t 1121 428 3 3572•2 3 • 1 l 2 2 · · 2 1 1211~2 121· 1 t 1 74 

-·-~eo,ooo lo--.40,noo-·1--1--• :1:1e4ue2~u301• 211nT&·11--- --,---,1211---·11 32-·-s- 31r-- 2r-'--·1--·HJ1------
~·o~ooo TO .20,noo rz 1131~6262623425214 221a1 1 1 t 122 232_111 _322 1 tit t 1 1 PB 
.20,000 TO ,noo t 332225288554~3452211123144 3 l ll s 11111 I I 1 l 2 l 1 SD5 

--- ,ooo -10·--·20,1100 r--,22222n•3211116t1n32~42423"31 "31·1-~- -----, -snr"l 1r-1n----y1----·1 ··1u 
20 1 000 TO 40,nOO 132S1l2234546~766b52~4 422 1111 I t 11 2 12232 l l . 1· Ill 
AO,OOO TO 60,oOO lS S321423J233t6624~231111 3 11 2 22 12 J ll I 78 

-- eo,ooo TO --- 110,noo 122u 1121212:1bnn1112 ·3 --12 121----r·-- --"2--i--i-- --11- Hr-1-i-·2-r--i---.--1- 82---------
&o,ooo TD 100,0~0. l t '412254213_11 121 1. . I s I 1121_ 4 111 • !SO 

1oo,000 Tll 120, noo Jy _.... .C<J.~~~,2 J A~H!_,_1 ~ .. !_.21.- 2. 1-- ..::::L.---< .< ...---- --- ...--~ ...... / / g. 1- , 2.11.21c:..2 .2 )- l. t- '-"'"..:::: /I !I!! 
- 120,000 To ---140,(100 rr 1- ·-1111 · 1 u 1 •22 31 nn""=t"' 4=: -=r-. ~vr=r--·1n 1n1 2'1'2 -= =r 1?::=.1--'1--n-

1•0,000 TM 1eo,noo ! t 12 111131•22411 2211 · l t ·· s G.ro....,d ctvi?/ 2112 1 12 tt · -l o. 
t!SO~OOO TO 180,nOO ? I 2 1 12 421il4 3111 2 l 11 ll I l 112112. 1211 I I ~O 

--1110 ooo 10-·- ~oo noo ·t "1--~--1-y1--11---1- -1-1 -r""2----,---"---,--·-r21 1-r-·---i---"""2-s --,----~1--2e·-'----------
2oo:ono TO 220:000 t 1121 11 . · 1? _ 2 ·u u s u 1 20 
220,000 TO 240,noo f l I 1 i l l · I I tl l I 211l· 212 l I I 28 

- 2•0,000 To --260,000 ·r·-- ·---- -,r-1-·-1-~---1·-2--1--i--.--, ~~-,-----. n--1--- --12--"l-r-i----··--:-t---25----
260,000 TO 2BO,noo I ·1 l t ·l l 2 a1 l . 2 I I I l 2 11 l . l 22 
280,000 TD 300,noo • . l 11 ·2111u· l - l .c ll 1 u . 11 • 2:1· 

--~oo,ooo TO --·320,noo -1--1--,-----------,----.-- 2-,r~--.,.--,----,--1-21-----1-·T-: 121--11-----1--·2•· 
320 1 000 TO 340,nOO J l t l l 't2 1 . J 8 
3•0 1 000 TD 360,~00 I 1 I 2 1 t S I 1 8 

-3eo,000·1D--:sso,noo 1-,.-----.-------,----1-1----,-----.---·-~--,--·--2---,--------1-----7------
:sao,ooo To •oo,noo I l . l s 1 :5 
.ioo,ooo TO •20,noo r s 1 1 u 1 .1 7 . 

--.20;000-10 ---.uo,000-1 >----i I 1-----~---i--- !! 
410,000 TO 460,nOO I I 11 1-1 tt J !! 
11ec". _0 rn •so,noo J l s · . 1 • 

- 4&0,coo ro - ... 500,noo +-· s. l ----------- . · -.~--.-~----
500,000 TO !!li'll,OOD I· l 
520,000 TO !!4n,noo t 1 2 

---~•o,ooo io---550,non-1- i--- . --,-.,---~----
5i;o,ooo TO 5ao,ooo I 1 l 

:'.-. -~.!~ ! ~~ ~- .!~ ___ 11 ~-~-· _no_o -~ ...... .,;. .................... -.:_ .. +··~·· .... ! .. +-.. ·;-.. ........ :. .... .::.-;.-... !f-,.;.f;t" .. -. ·;"ij.,;.q"f·-:.~i~P,~ii" .... • ~ -sut1:-

~-------------- ,.q -12n34••!!!!!!8!!54153:5331 u22 n11--i · - h-s11i222232221n21--~-"- ---------
'' . S38D861751132!!83!!0224488088751966482883882•8!!65 l5159387272!!800D07!!74D3733247U7168!!11848•4!l33 8 
l 
,---~·woER-.-·""tll--~vfA-------------------------------------
,•UNOtR 0 4!! 0 HMEAN • ~83 1 07578 tN SIGHAH • 396~10388 IN 
,!!N U 1541 · U YHEAN s , 110 1 P8412 JN B!GMAY • 3152~•6528 IN 
,·cvER---u--·--~i,----·u-·- ---- :---- COl!Rr:1.n10N....----·01~3ea 

5 5" 0 Cw/c. 4- t/ 
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ATroe-·otT-:-; 
AT D~CAY POSlTlDN 
AT 09&,~J2 YT (POSITION NO_,_l_O_•_> _____ . 

•tiOO .. o~oo. 1:00 
•·-··~·~·~•·~-····~··• SUMS' 

-:--200;000· TO ·-·-2n;;;·o·o· 1 -i---'--'---
2~0,ooo TO 240,DOO I I 
240,000 TD 260 1 000 J J 

--2so,ooo· yo-·uo~1100·1 ·1---
2ao,ooo TD Joo,ooo s I 

--~~g~~gg ~g ·-- ~~~:~gg ~ -------------~ 
JA0,000 TO 360,000 J 11 l 2 

Pg.28 
'I'M.:.. 7 54 
2900.000 

Jlio,ooo TO Jeo,noo I . · I · 
-· 3!0. 000 TO - - AOO. 000 -. -,------n-1r--.--:r------------------------------------

400, 000 TO 420,oOO t 11 U UU. I , 8 
4~0,000 TO 440,nOO I I 2212 S 3S4l 11 

---,,o~ooo ro·-~60,000·1 ~lrnl-21--r1121i-~s-----------~---------~-------~------~-~ 
460,000 TO 480,oOO I llS. tlS1JIS2S 2 3,I 26 
•BO,ooo TO soo,noo t 2 l ss3tJ3423Jt! 2a 

-- ~oo,ooo TD·-- !520,000 i-----r-1J21J•231~I --2• ---------------
~20,000 TO 5•0,noo I s IS S2 222•jI 17 
~40,000 TO 5~0,000 I S I •t21!2141S'I 22 

---~i;o,ooo 10--seo;ooo .. 11-r---·1·221 11231-·11 
~so,ooo TO 600,000 + · s111 242~ 11• 21 
600,000 TO !!20.noo I '1 12 I ~I 7 

- ~20,000 To--·640,noo·i . 2--r- 1-~-~--------------~-----~-----~---------------
6•0~000 TO 660,noc 1 1 
660~000 TO 680,000 l I 

-- 680,000 TO --··100
1

000 y--·---------1 
700,000 TO 120,noo I . 1 I. I 
720,000 TD 740,nOO I J · 
1•0,000 ro· ·· ·150,noo r----------··-·-·'T--
760,000 TD 780,nOO l 1 
780,000 TD 800,000 + . . . .• 

-'"i-------·- --·-···-· --·-·-·- - -- -···+· .. -..;. ... -.;.-.;.-;;-+;;ow;.;.;;•••;.+· SUMS 
s s 

-·-----------·----~--·----nun 12 n.,~------,.----------~---
. s1•~224••3&••21ePPosi1 

----u'lDEA---111 ·-ovu 
UNDER 0 . 0 0 
I~ 0 211 0 

"OVER ___ o--·--o-·-o-----

-~--------

HHf(N •· 0 38782 
VHEAN • eo7,80819 GEY/C 

-·coRRE!;lTJOtr•-- -~222011 

S!GMAH • ~4,902 
____ s_J_G_M_A_Y_• ____ e_1_._U5!!6 G!~~-------~------

.s~.o.:.._ ~Go~-----·-------· _· ________ · 

----·-·-·---=-- ·-'-------------,..-----------



iltnoo11.on10~ bnroo-·ocT-; . 
HORilOWT~~ &~IS,~, COSTH IN .FOR HU ~T OECAY.P08JTIOH . · . 
.!!._~!_!£~~ _!.~J_S_._!,_!_ _ _!" _____ I_N_~!~ fO~_U __ A_T __ .;..~92~-~~_J_,_!__, __ J_PQ!.l..! .. IDN NO..L-!!!8' 

.1,00 • o~oo t~oo 
•···~·-···•••••••••••• iUMS 

200~000-To-··220~-~oo·r--~---------------. 1-.....,------
220,000 TD 2•0,noo 1 1 
2•0,000 TD 260,nOO I I 

--- eeo,ooo· TD no,noo-r· T----~-

~ao,ooo TD 300,000 t l 
300 1 000 TO 320,noo t I 

--320,000 ·ro-·-s·o~noo·T ---i----------
3•0,ooo TO 360,nOO l . I 

_ 3eo, oo~ TD ___ Jeo, noo Lt_•-.----------- J._ __ 2 ___ ·-------~----------
380, ooo TO •oo,noo + u. t 3 • 
400,pOo TD •20,nOO 1 ltD D 2 l ,, 
•20,000 TD 440,nOO 1 11223 I 1 10 ...__.,,o-, ooo TO •tio, noo· 1--·--25f42il · 1--22· 
'6ofooo 10 •so,noo I . t4!5869B!lt I •1 
•&o,ooo TD 500,noo ! l 33797H4 l !ll 

-500~000· TO-- !520,nOO J---------27879CCl52-- 1·- --si! __ _ 
520,000 TO 540,nOO 1 48A8AGHE6tl 114 
540,000 T~ 560,nOO ~ 24BECGCEH1 103 

--- 560~000 ro·-- seo,noo· 1 -·---·H1•r.:KJ1J·-·11s---------------·----· 
5eo,ooo TD eoo,noo • t37fPSo+ ea 

Pg.29 
TM-754 
2900-~·oo 

~--·-·-

600,000 TD 620 1 nOD I __ 280Ll 55 
- t.20,000 rn ·- e•o,noo 1·---------- uaox--u-------------------------------------

e•o,ooo 10 660,000 t · 4ftl ·lC 
6150,000 TD sso,ooo t tl 1 

----(180 ~ 000 TO----- 700, oOO r-·------------i:-------------------------------- --------.----
700, 000 TD 120,000 I J 
720,000 TO 740,oOO 1 l' 

.-140,000 TO--- 760,tlOO 1------:----------1 

II 
)I 

~ 

1eo,ooo T~ 1so,ooo J J 
78~,ooo ro eoo,noo • t 

----·.. ·-- -·- ... +··~~·;-;!•••+.-.;;.-~..-~·;;;.;·:. ·auMS 
I I 
U I U 

------------------------------ -- 1r·--rnJ3J.C5!17B011M ____ _ 
. s l348,8!74553827J6J28 

------UNDER--:--:- irr-- OVER _______________ _ 

UNDER 0 0 ~· HllEAN • ,50?0• SIGH~H • ~30023 
JH 0 1580 0 VllEAN,. 540,7eteo IO!V/C SIGHAY • 5;),'4~~-P_ GE_Y __ IC ·ovER ____ c _____ o ____ I) "CORRELATION•---:- -·;86ovo------------------ ·--

_!!'_!.~~- NUH~ER ~~~!_?Cl~S CONS!~-~-~l!E_ _ _......_ ___ -------------------

-------------- ----------·-----~---·------· -----

---,--.------------------
' :' 5'[0 

~-----~-----
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rtifS'fot;~ A'i-·f.f:f--fi----- -
~ OISHIBUTICN OF Y tN IN FOR HU 
I 
L__ ________ . - ······------ ·---

INTERVAL 
LESS T~A~ -2.soo 0 

----------·----------~--~ -------·--·----
F~OM THE TARGET 

Pg. 31 · 
TM-754 
2900.000 

I =~~ lH rn--=f :u& -~--------- ··-· ·-·-- ··-·--···--·--·· ----------------·-···--·····-·---·------·------·-··---· 
=i: ~32 rn-:1:~gg -8-----------··-·--·-·--·--·---·- ----- -------- --------~---------------
-1.250 TO -1.000 5 XXX 
-1.003 TO -.750 18 XXXXXXXXXXXX 
-.750 TO -.suG 31 XXXXXXXXXXXXXXXXXXXX>C r--;;.. 50 0 ro---~. 2 50 - !\6--x XXXXXXXXXXXXXXXXXXX>CXXXXXXXXXXXX:<XXl<XXXXXXXXXXXXXXXXXXxxxx----·--- -·· -----··----·--------· 

I -.250 T' .oco 145 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx>exxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
1. .cao To .2so 139 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
t_____~zso_ro ___ .soc 73 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx~x~x~x~x~x~x~x~x~x'-----------~-----------------• 53 0 TO • 750 38-XXXXXXXXXXXXJ(XXXXXXXXXlC"XlOC-______ _ 

.750 TO 1.0~0 12 XXXXXXXX 
1.0QO TO 1.250 4 XX 
1.2so TO 1.soo -0 

C
1.5JQ-Tj--1.751i u ... 
1.750 TO 2.0QO 0 

_t~~11g _____ ~:~z~-------~'---------------------------------'-'----------------------
GREATE~ r;A'I Ze?OO 0 

TJTAL NUMSE~ OF ENTRIES = SSL I~CLUOING JNDE~FL04 AND OVERFLOW --:E'ITER:·=--· .. ;,;·.;cacr ---RMS-t:iAi:-rwnlH =--;393 -------·--------·-·--- -----------------------------------

! HI~TOG~A~ NO 8 
LO...I.S.L~t~uTroN_OF v IN IN FoP.~H~ 4913.912._,_F~r_.......:....~~~o~H,_,__T~H~E,._,r~A~R~G~E~T-----~---------------------

. ·---------------

,--·---·-·-·-··· ······ -··-·----·--·------------·-----·- ....... ·-·-·--- ··---·----

--\·----··-· --



~I§-~~~~-~ft~~ B~ -- . ~~~~-~-E-;~--;;~:--;;~-------·- r+CJ;~-~~;;-;·;---·F'i<.OM THE TARGET ... ····--·-·-···--·--·-----·-----··---·--··--

I ~TE~VAL ··-----SCALCnCTOR;-;--·1oc-xf'S EQUAL--na--ENTRIES 

LESS THA~ O.CCO 0 

l
r---0.000 r:r- 20.000 · o 

20.JOO TO 4J.OOC 0 
4C.OOO TO &o.ooo 0 GQ,CQG T'.> ___ , 1\0.0l!G. O ______ _ 

-- II 0 • 0 0 0 T ::> 1 0 0 • 0 0 C 0 
1co.ooo T::> 120.occ 

0
c 

12~.JOO TO 140.0CO 
1qJ,QjO r~ 1&u.ooc c ___ _ 

!Hi:l.Guil TJ-180.000 D 
1 11\Q 00Q TJ 200. 000 0 
! 2to:ao::i TO 220.GOO 0 
L~~g:g~g B-~~5:888 g---~-

260,000 TO 2~0.000 0 

~E&:&&g I g ~~g:ggg Jo __________ -··---!3:::>a. o :i ti ro-3 40. oo r: ---· ·----------· 
f 3r.O.OOO TO 3GG.OCO 0 
I 350.0uO TO 3AO.OOC 0 
'-~t5: ~ ~ 5 · f g.. ~~~: g gg · ~---~x · · ······ ·--· ·-- ··--····-----·--·--------------·---··--·---·-···--·------------------· 

420.0uO ro 44J.DOO 10 xxxxxxxxxx 
440.JOO T'.> 4nO.OOO 1e XXXXXXXXXXXX(XXXXX· 
4~0.000 TO 480.0CG 53 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXWXXXXXXXXXXXXXXXXXXXXX 

Pg.32 
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j4fl a. 0 0 0 r o·- 5 0 c. 0 0 0 gs- x xx xxxxx XXXXX)I xx xxx xxxxxxxxxxxxxxxxxxxxx xxxxxxxx xxx XXXXX'XXXXXXXX'(XXXXXXXXXXXXXXXlOCXX xxxxxxxnx 
I ?CC.uOO T'.> 520.GO~ 100 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
i S?O.O~O T'.> 540,000 65 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
L 54C.Oa0 TO 55C.OOC 67 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX -- so~. o Jo ro - s e.o. oo o ·51+--x xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx----------- ----

s~o. oJ G TJ 6QC.OGQ 36 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
600.00D TJ 620.000 25 XXXXXXXXXXXXXXXXXXXXXXXXX 
6~~.0JO TO 640.JCC 5 XXXXX I S40. 0 0 0 T::l - 66C. 0 0 0 0 ------------------·---· 

L. 6~G.OOO ro 6~0.00C c 
&80,000 TO 700.000 0 
7CC.OOO TO 720.0CC Q 720. JO D T'.l .. 740. 0 0 0 ··c---------------------------------------
740, C~O TO 76~.G~C 0 
7~0.u~O TJ 7~G.OOD 0 7eo.ooo To Boo.ooo o r- 80C • .JJO TJ '\20.000 -----o·---------

1 
820.CGO T:> 840.GOO 0 
sr.o.ooc ro 860.Gc~ o 

1...-S;C.OOO TJ 8Ru.uGO n aPa.aao T:r · goo.ooc- -5-------------------
900.0~0 TO 920.000 0 
92G.OOO ro 940.000 0 
q40.ooo r:> q;o.oco o 

i-. -950. o o o r :i g a a. oo c ·--··-···-· o ·· ···-·-··--···-·- ·····--············ ·--·····--·--·----····-- ·· -· ···· -- -· · ········-·· · ·- · -·-· ··----------···-······ ··-···-····- ····-·--··-
i 980.0CO TO 1000.coo 0 
I 

~-G~E;r,~3_r11a.111~00.ooo ... __ . J :_______________ . ··-··-~---·· 
...... -·-----·---------------·------------------

T~TAL NJreER OF ENTRIES = 551 
:E~TER = 522.654 RMS HALF WI)TH: 

[NCLUOING UNOE~FLOW ANO OVERFLO~ 
43.523 

ft~ure. 13 
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Pg.33 
TM-754 
2900.000 

SYS OESCAIPTIOlf, OATE 91ZOl7] ····- -·- •.. , ••... ____ J'J,.~-261!'7.H.llll __ .. ·---···--····-P_!{;~---~----·---· 

PCSIT1CN . ·TYPE CODES PARlUETF.llS 

-·- filOc .• _ .• LENGTH ···-· •.•.• -l._ .... l ........ J ..• .. l .. ____ --- -----···t. ··-···--·-- ·--···· .l ..... -··· .. -- ···- ··-"°··-·· 'i 

l O.O FT . . 
:.-----··-·-. -·-· .. ·----· - •. TUlt-4 .ClR.C.-D.UU'.._. _________ .36.000. ltt. ----·-------'---o• o._.r.ri_..:_ _ _o, Q. __ lf!I ___ . _o. o._QE(; __ _ 

TU"IJ ELL 540 .. 000 1 N 1600000 tN o.o IN 0 .o. IN. o. 0 oei.; 
L o.o FT 

·--·-··· .• ···-- ··- ·------DRF. --·-····-'---·--8..·-- U .. 500.FT.-----------___: _____ _ 
2 ll 0500 FT 

APE CIRC QUAD t.S:>J I~ il.O 11'1 O.O IN O.O DEG 
,._:. __ • ··- -·- -- ·- --···. --- - .QUAQ ____ Q310 .• ····-----llL-. •• Lo.ooo FT ______ J.lll . .KG ___ l.500 .• W 

3 27.'lOO FT 
ORF l i .ooo FT 

..,.- •.. .t -··ZS .500 FT ··--· -···-· -·-·-·-····--····--·-···· ..•..... ··----- ------------· iPE CIRC Qll4D lo5JJ Iii 
OUAO 0310 10 lOoOOO FT le27l KG 

0.:1 t~ 
10500 t~I 

o.o ltl o.o Ol!G 

- ---'- __ JIS.500 ,, ____ ···-·--···-··-··-------·-- ... ·····-·· . 
. DR.F Z 4 .1)00 FT 

6 42.500 FT 
--- ___ .•••. ···------APE..,_. ELL ___ QIJAD ___ _:_ _______ l. OJ.) lN. 2. 50Q..1.N .. 0. J .. -1.'L O,,G__lN o.2.._J)~~---

OUAO 0310 1 1.000 FT O.O KG l.COO [Ii 
1 0.500 fT 

------. -· _______ ; .. DP.f.. ___ ....... _ ------· _1 __ .l.JJ.l .. FT---· 
a· !10o500FT 

AP! ELL QUAO i.OJJ lN 2~03 IN o.G t~I a.o IN o.o DSG ____ ---·-· __ .. . · _____ au1.o ___ c310 •..•.•....•. ·----·-1'---- 1.000 .n _____ o.0 __ 11..G ____ 1.oo<Ll~---'-
~~~~-~-~--~---q 57 o50Ci FT 

C~F 4 '<&.lJJ FT 
- - • lO ..•. f.1. SCC..F.1.---·. . --- ... -· .•. -·· -- ·······--·· ---· . .. .. . .. ··-----·-·· ... _. ---------·-------- ---·-· __ ·---- _ 

AP! ELL QUAD ·' loOOO lN z.500 ("I O.O tN Oo:> tN o.o DEG 
QIJAO QHJ 1 7.JOO FT o.o KG i.ooo IN 

...• U .. 68 .500 FT ... ········--·-··--. ---···-··--- ·-------·-··· ·-·------·--···-----------------------ORF 1 1. OJO FT 
U 69o5CO FT 

APE .ELL .CIUAt:l .•. ~-·-· ___ 1.000 lft ___ 2650Q. .• 1N..-~-···o.o .. _JN.' o .• o _!.tf. o.o_oer, __ _ 
QUAD 03U ., 1.000 fT o.o KG l.ono SN 

13 76.500 FT _____ ...... ORF ... - -···-····· -·---· ...... _o\ ___ /t.ll9l .FT.---------------------· 
14 et.Ji;o FT 

10.; ELL 0040 1.000 ll'f z.sdo TN o.o IN o.G ,,. lol OEG 
• --··QUAD -03ll ••.. -··-·-··~-'f ........ J.JOO FT .. _, ____ ,.z.190 .• KG.--l .. OOO. tN----· --------- ------------.,. 15 88.390 FT . . 

CR.F l l. Ul FT 
16 •... 99o!ICC F.T.---········ .. --- .. . .. . ----··· .. •. .•. ·- ···------. ·- --·----

APE Ell QUAD l.ooo IN 2.500 tN o.o r~ o~o '~ o.o OEG 
CUAO nu 7 7 .ooo FT -~.190 KG l. 000 l~ 

---.l't ..... 96..SOO f.?.----··· -···--···· ...:. .....•.•. ·-·-·----·~·- ........ ----··-----···--------·-·· ---- --·----

u 99.500 FT 

--··· 
19 106.'jOO FT ___ .. __ 

·- ... ·-·-·-· 
20 13q. 5CO FT 

Z1 hh500 Pf 

CRF l J.OJJ FT 

APE •. , .•. ELL _,QUAD- ••.... ·-···---1.JJJ lH---·-·-···2.s:u tN ______ l.o - l'L---lo3.,o...ll'l .0.11 __ OEG ___ _ 
QUAD Q~lO 1 1.000 FT . o.o KG i.ooo I~ 

OllF .•..••... ---··--······-··111 •. -JJ.OOJ. F.T---·-------· --------------
AP! 
Cll4D 

ELL 
QJU 

OU&!) t.OOO IN 20500 fN O.o t~ O,J IN ,,.,, 
. . t ... _:.t ~JOO ff.------.Ze391 ... KG --- lo OOCl .. l~----·· 

OEG 



Pg.34 
TM-754 
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. - SYS. DE SCIUPT&DN-- - ---·- -----·-·---- ·--·---DAU--91-201-'+7'!~, ________ __,_TU!.£:,o..Z6!.ll.1t..ae ... _______ ....,..,,,p,,.A..,G"F:o--'.:a-.---

PDStTIC.. TYPE . CODES 
-··· HO.- - . LENGTH.-----·-l---··Z- ...•.•.. i.-----· -l·-·· c 

Zl 

22 

l't6 .500 F'I' 
. ---DRF-'--a;·- ---------S.--il .. 080-F.t-. _._____ 

159.590 FT · • 
APE RECT 'tE"ID z.oJJ IN 2.000 tN o.~ fH o.o IN DEG 

..• ···--·---REND-1191t--------·-7---7•500-fT ... _ __....l .. 760 .. KCi--..J.SO.OOfl-G.V/..._ ________ ,,_.. ________ _ 
167.C90 FT . 

CRF l 
u.;.~eo Fl·-- .... -·- -·-

TUN CIRC OIRT 
TUNO Ell 

2. SJJ FT 

.. -·------··------------
18.JJl IN 

360.000 IN 264.000 lN 
o.o .1111 
o.o tN 

il.J .. JN 
o.o • IN 

). :> DEG 
O. 0 DEG 

.•. . 24 • -169 .sao .n ·-----------------------·--------
OPF 50 Uit6 .809 FT 

25 1316.JIJB FT 
... - .... ····---·TIJl'f .... RECT ·- CIRT--··------·- .. -· i9.JJJ .. f!'l----·ZO.OilD-lN----"'·U·Si)O. u1._ ___ o .. ll.--.l.K----'l.O.-OEG----

TUl'fO ELL 600.000 IN 372.000 IN O.O tN O.O tN o.O OEli 
25 l 116 .188 FT 

- - . ·-···-~- APi; .•.• -P.ECT ....• .ORF--~-------2.JJO. IN----2.000 .• fN ___ .o •. o. .. _tN.. ____ o.o._UL ____ o.o. __ oEG. ___ . 
COLL RECT VAC AL 19.000 IN 20.000 IN •12.500 IN OoO !N O.O OEG 

· ORF 3 10.750 FT 
-·--·26-1321.U!J F.f.-- ·--·---- ---··-· ·-· .. ·····-------·-····-----------------

APE RECT ORF z.ooo IN ZeOOO IN O.O 1111 OoO Iii! o .o oi:i; 
COLL RECT V.AC l"E 19 • .JJJ,IN 20.000 IN -12.500 Iii! o.o lN o.o OEG 

--· -- ----····-· ----· CRF - -· -· - -·- -···-·-----3-- l0. 750 FT---- ... -·---·-----·------·----·-··-----·--·----·------
27 13l7. 81J9 FT 

APE CIRC ORF 6.000 IN o.o IN o.o IN O.O DEG 
-· ----- --···· -·--- .•.•. ---ORF·--··- .. ·----- ---·---·5---· 2l.5J:l FT----

13~'i. H8 F 't 
TUN l!ECT D1RT 60.000 IN 60.000 IN o.o Pl OeO tN O.O DEG 

·--·--· TUNO-- ELL --··- --··- -- 6.lJ.O.JJ l"-l72 .. 00G--1N.---J .. 3.-.. -1N..---O ... Cl.-Ul--O • .o.. __ .oea. ___ _ 
Z8 IH'i. H8 FT 

APE RECT BENO z.ooo iN ZoOOO IN O.O .!N o.o IN i),0 DEG 
• ···---··RENO ... "48ft-- -----1.0··-·· ZJ.iJOO FT----•lo8 ... 'i- Kt.--···-150 .. 00a;r.vlC------------------

29 137'1.)97 FT • 
APE CIRC ORF 6eJJil IN o.o 

1
iN o.o IN o.o DEG 

·····-•---ORF .•.• -··---· .. ·-·---5--·ill.OOO -FT-·--·-···---·--· - ---···---- ------~--·-----JO 1397.387 FT 
APE RECT ll'!NO Z.000 IN z.ooo IN O.O ltf OoO tlil o.o DEG 

-···---·--· 81!"11.l · 11134·--·· · ---ltl···- ···Z0.000 FT--- ... 7.84S-KC---\50.000. .. liV/C-.----------
31 l4l l.H7 FT 

32 

APE 
-···· DRF 

tlRC ORF 6.000 IN O.O lN O.O IN O.O DEG 
· · .. _ .... ·- · -·-· 5 - -30.0JJ FT-·-··----·--·-···-··----··---· - -·-------. -·----·---·----·-----

APE AECT • lliENO 2.000 lN ZoOOO tN o.o tN O.O IN OoO DEG 
- -- --···· --· ---· ••• BF"IO·-- llBft ·-- •. --·- -·-·· lO···•· 2J.i)J;) FT.·--·-····'"7•ft4!J.KG.----lSO.l'3J.i;'0C.. --------·---·-··---------
33 J.r,67.H6 FT 

•PE 
- -···- .. ··-··- .. OllF 
34 1521.3!16 FT 

APE 
---··-··· -···· - ···• · · ··-·-·QUAD 

J5 l5Hel86 F'T 

16 U6lele6 FT 

APE 
• • CR F 

ti RC ORF 6.000 Hf ~.o ,,. o-., !N o.a DEG 
· ·- ···- --6·--·-51t.OOO FT-------·---·-·-·-··-----····· ···- -------- -· .. ----··----·-·--------

CtllC QIJAO Ze25J 1~ o.o Pf O.O TN o.o DEG 
0410· .. - ·-···- -·-·10--- l0.000 FT ·--··-Zo56'J. .. KR---·---2.SOO ... Jtol-·----·-···-------
CIRC ORF 6.000 IN o.o Y~ o.o '!~ Oo 0 r.IEt; 

... ·· · ····· -··· · - -··· t·-· JO. 000 FT---·-·· - ·--··-----·-··-··--·-···-----. 



Pg.35 
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•.. SYS OfSCft IPT tONe-· ... ··-····· - ·----· .. -DATL9/ZO/!l ..•. ___________ tt.,F.:H81.UoU--------•-~Ge--~---

PCSITtCN TvPf. CODES POAME.TERS 
·- -·· fiOo . -···. LENGTK --·-··· -·· ·--1- - .... 1 .... -- 3 .. ;.. ·-··-···-1··--·- -·-----2------·----l -----·----'t--------''J 

]6 1561.lH fT . 
. - ··-· ;.c.._AP.L •••• ClllC..-. QUAD._. _______ z ... zso_LN__ _____ o .o __ rn ___ __o .. .a.__r~ .... ----D· o_JlE.9 __, . 

OJAD Q4U . lO 10.0JJ FT Zo SCJS KG <!. 5-JJ I "II 
17 i!SH. lU FT . 

····- ___ JUN.·.-ClllC .•.• OtRT __ -· ---'--·. 1e.ooo.rn ______________ .o.0 ___ 1N ____ o.1_rn __ __l.Q_O'l!i __ 
TIJNO HL JCl0.000 IN UZ.000 IN •156.000" 11'1 O.O IN O.O DEG 

l1 1511.395 Ff 
............. __ .Al>!: .. _Cll!.C. ORF. ______ ---- 6,0JJ HL. .. J. o. __ t~ ____ :>._._,_u~---~hJ __ oi;"-

OAF 10 zu .100 FT 

.. TUN ·- RECT DIRT~--· 60.000 lN. _____ {IQ.000.!H. ______ o. 0 .•• I!\f __ . ____ o.o_JN._ ___ -'IJ .• o _ _n.eG __ 
TUNO ELL 360.000 IN 2s2.ooo IN -uo.ooo !!If 0 .o iN. o. 0 OS:G 

39 U51e.H5 FT 
.. _____ APE ____ ELL. ..•. auAo. ______________ 2.500 u1.. ____ 1.ooo m _ ___ o.o _.1111. ____ 11.o ___ .1 ..... ____ o.o. __ oF.G __ 

39 l86lo4e5 FT" 
QUAD OOP8 1 1.000 FT 3.•ns KG 1.soo· IN 

--- ··-· _____ APE. __ .ClRC .• DllF------·· 6.000 ·~ ---·····---------0.0 .••. l'.f .. ____ o.o __ rn. ____ o.o._ per. ___ _ 
OAF l l.9JJ FT . 

40 ten. HS FT 
i\PE _Ell.··- QUAD. ________ ... 2.500 JN. ____ 1.000. JN _____ o.o ...• Ui ____ ,J.J_IN ____ J.J._DfQ. __ 
QllAO. OOP8 1 1.JOO FT •3.975 Kt; lo 500 TN 

41 IH0.385 FT 
- --· - --··. - ....•.. ________ APE. ..•.. CIRC. __ pq,p ___________ 6.JJJ l 1L ________________ o. J __ f..._ ______ o.o __ _ltf ___ ~IJ.O ___ !le.L_ 

ORF 3 6.000 FT 
42 1876.384 FT 

-·-··-·-·- ---··· •..• ·----·APE --RECY.-.. BEND. ·--··-·-·--- 2.000 IN --- i.ooo .. tN _____ o.o ..... tN .. ___ 11.0_111 ____ 0.o __ oi;11_ 
. ~e·~o '482 ·t"o 20.000 FT 7.845 KG 150.000 GV/C 

4l l119t:.1H FT 
••...•• APE -- .ClRC-..•. ORF-- --·····---6.000 tN -------···-·-·---· - .. .o.o ---lN. _____ o.o._.ttt ____ o.o_DEG..__ 

CllF 1 lo4JO FT 
44 l'l'il. lH PT .. · 

- - •PE .... !lECT ... SEND ----··--. 2. 000 lN ___ .l.000. lN .. _____ o.o __ lN. _____ o_.o ____ fN.. ______ o.o__!!F.13 __ 
l.IENO :.iez 10 ZJ.OJJ FT 108"5 Kt; UO. JO'l GV/C 

45 l917o'1E4FT 
·-· _.lPE ....•. CIRC.- •. DR!' ----···-----6.JJJ !N-----------------'·o .. _..!.N __ ____ac:> _ __l.N ___ J.:J __ oi:r, __ _ 

'lRF !. l 0400 FT 
46 l9l9olll4 FT 

- . .• • ·-··.:AP$ .... RECT----BENO - 2 .ooo .. I~---·- ·1.000. tN ·--~-0. O •.••. 'Ul.----0•0.---lH-·---O•O .•.. DEG --
BE~IO .iaz 10 20.000 FT To81e5 Kr. \50.000 GV/C 

41 1939.183 fT 
..•.. - ---·"!'UN ••.. C!RC.. !llllT .. ··•··- •. 1o.ooo tN .. :. ______ ..... ---- --·--- o.a ..... iN. ____ •. 000 ...• -..tH ____ o.o._ .. o!!i ··-· 

TUNOJ ELL 360.000 KN l,Z.000 IN •l~0.000 IN O.O tN OoO OEG 
41 · l'i1'1.ltJ "1 

·-- - -- .·. ····-- _____ : ___ APE ._._i;:IRC: ..• O'tF --·····-· .. - .. " 6.000 ltl ·--· ··-- ··-·-·-··. -·-·--·-- o.o ·--1~1----- o.o. ___ fN. _____ o •. o_.oer.. __ 
CAF lO 371.666 FT . 

2111. no FT 
...•.• --···TUN ...••. RECT • DIRT •. ·······-·-·-· 60. 000 IN ····-····· 60. 000 IN .... -··. o.o ... Hi ____ o.l. ___ JN···---1.0 _neG ···--

4S 23l0 .'!50 FT 
TIJNO ELL 360.000 ~N . zsz.ooo tN °\IJ0.000 m O.O tN O.O !)El; 

.----····---· ..•....••••• APS.. 

..•• . 49 UlO.B~'JFT ..• 

AQ 5 
Cll F . 

CIRC.--- nRF.---------- l.Ol.JO IN-------- ________ J.o_rn _____ o.o._rn ____ o.o _ _n!(L__._ 
crqc POLY AtA 3.000 (N o.o Pl o.o IN o.o m;r, 

5 20. opo FT 
. .... --------------------·----------------



Pg.36 
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-SYS OESCAl.PT ION- ------ ..•.... - - - ·-· --·---- --···· --04TE. 91Z0/11•---·--·--1.Ll'..E.-.Z687?1te.98 -------1!.AG!--.5. __ _ 

P!l!l TtCN T'IPE CODES PARANETERS 
.. NO•-· •. LENr.'tH.----· ;_-·-1-·-·-· .. Z---- -· ---l----~--- .. L-·-·-.-------i-·-----··--·1----- ----•---·-----•!.___. __ _ 

0 21l0o!.\9 FT 
- . - --·-·-APE - -R e.cr •. RENll----------Z .. 000- lN ------1 .. 000-tN--.. -O.O--IN ____ o..o--Ul ____ o.a__oe.r...., __ _ 

ABS RfC'f POLY FE 2oi>1"3 IN loOOl fN J.J tN o.o IN OoO OEG 
REN~ H82 10, Z0.000 FT -7.7'1 KG \U.200 GV/C 

50. ZlSO.R49 FT--·· 
APE CtRC ORF 6.000 tN o.c O. 0 IN o. 0 l>EG 
MF l lo ftOO FT 

5l 21!1. 249 FT-.·- . -· .. - -- .. ·-- ...•. -- --- .•.• _ .... . ·-- --·--- -------- -----·----·-----
APE qecT l!E•IO 2.000 IN 1.000 IN o.o . till o.o IN 
&es RECT. POLY i:e 2.000 HI loOOO 11'4 o.o IN . J~·\) IN 

O. 0 OEG 
lel DEG 

-··-·. REll.0- . 1182 ..•• . .. -- ---lB-·-· 20.000--fl'.----•7.,688.--.Kr.--147.COC-GV/..__ __ _ 
52 · 2372 .Zlt9 FT 

APE CIRC ORF 6.JJJ IN O.O t"I O.O IN O.O Dl!G 
....•. ORF ...• ···-·····-···--· ... --- . l···· ·- .\.ftOO FT.---- -- .. ---·· -----·-··. -·-··---·----·-·--···------· -- ----

• SJ 2371.649 FT 
APE llECT '!END 2.000 lN 1.000 IN o.o lN o.o tN o.o oer. 

. -- --· - ABS···-· RECT ... POLY.·-•E----·· 2.000. tN------l .. OOO .• fN-.-·o.o __ ... JN_. ____ J.J ..... UL. ·----:lel _ •.. DEG ____ _ 
'll;:"li) HRZ lO ZJ.000 FT -7.625 l<G H5. 800 GV/C 

"" z:s•n.64S FT 
... -· ..... -· .. -··-· ·-···----.TIJN -···· CIR~-· -OlltT-----·-----· 6.0J.) iN------- ·------l .. G-.tN,----'•033.. IN---l.J __ oec ___ _ 
. 'l'UNO ELL ltB0.000 lN Z52.000 lN -240.COO t~ O.O IN O.O DEG 

54 n•n.MB FT . 
. - . - .•.. APf! .... CIRC - ORF-----·-. --· 6 .OOO-lN.---------··- - - o.O-lN----D.Q... __ j_ft. ___ .....,o .. o. .. -DEG ... __ _ 

OllF 10 169.ftOO FT 
55 ZS bl .048 FT 
- ·--· - --- .. - -·---Tll~···---RECT---otq-i.--·- --·· 60.000 '"'··---tiO.OOO-lN----0.0.--l!ll----D • .o...-m .. ___ .. Q .. Q __ .oea. ____ _ 

TIJ'ojO ELL · ' 480.000 l"l 252.000 I"' -21,0.000 TN 3.J TN J.:> . OEG 
ts ZH i. c•e FT 

··-·-· APE---CIRC-.-OUAD-··---··· .. --6.000 .TN---··-----··----·--·OoO----IN----.uO .. O--l~----·-0 .. 0-DEG----
C:U.aO · 06 lJ 4 4. lll)il FT 8.494 KG 6. O'l'l t N 

56 ;sn.cu FT 
... A.PE. ClllC ···ORF--- -------·-·-6.000 I"'·------·-····--··---- O.O ·-· Hl-.----)•l-lN>----ol.O-DEG---

DRF l 2oil00 FT 

·.APE ·· ·ClllC ·--·QUAD·-···--·- ·--·6o0Jil-IN- ---··-·-····---··-·----· J.() .... tN..----0.0-.tN-----'l~--·JlE~----
QtJAO 0610 4 4.000 FT a.it'llt ICG . 6.ooo ffll 

58 2571.04'1 FT 
··-· &Pe •... Cl~C-·. OllF ·-··------·- ·····-6.000· iN·--·--------------0.0--11'4--0.C.---tN ........ ___ o.,..o..-DEfl----

CRF l :!. 200 FT 
59 2515.HS FT 

.. 4pi; ... CJRC OUAO- - --····-- ·-6.000 tll!------ ---OoO·--·ifll----0.eO---KN---O.,tl--DEC-.--
OJOCI Q6\0 °" tt.o.>i> F-T 8oltQ4 KG 6.i>OI) 1111 

All E •. CIRC · -ORF .... 60000 iN .. ·-·-----~-----0.0---· iN~---G.G-llJl---0.0..-.oea.. __ _ 
011 F 16. 7JJ FT 

61 2sc;s.c;o FT 
f>.000 1N •.•. ·--·-- -···•·· ----0•0 -IH----0.eO.-tN.._ ___ Q.O:-·OEL---
ltsOOO FT. •8.lt'llo KG 6.000 !II! 

.... ---·APE- -C:.11\C .. QIJAO .. 
QUAil 061) 

.SPE .. -C:.tRC nru• ···--·-·· .,_ .. ·--6.a:>J tfll -·------------0.:1._ .... tN--O .. O--lf'----O.ll--DE.G. .. __ 
DRF l 1.900 FT 



Pg.37 
TM-754 
2900.000 

SYS D£SClttP'10No •......•.. - ...• DATE. 9/Z0/1.1 .,. ____ ·- ·-·- ··--·---·---·tl~!~Z68'71 ... aa. ___________ - ·- _:t:t~r..e •. - ll .... --· . -

PtstTJCN nPe coon PARAl'ETEllS 
.HO ••. __ . LeNGTH ·- ··----L·-·-· l. -·--· ._J . .. : .•• .••• L ...•... -. --·--·Z.------:--· J -· -·-··----_J .. ----·--~-- ---···----

6J 260l.81t7 FT . 
- -··-··- ... 4PE. __ (:fR~--CIU.lD __ :.. _____ .A.OOQ_IN__ .. o.o _ .. UL ___ o •. a __ ut ____ ll;L_l)!;G. ___ _ 

OUAQ ouo 4 1t.ooo FT -8e491t !CG 6.000 [N 
61t 260S.,47 FT . 

--·-- ...;.APE. ___ .t.JRC --·ORF.--·--· -·--, .. 6.000.tN _____________ o.o_._frt _____ o •. o__JN._ ___ ...,o •. a__o_i;r. __ ._ 
OAF l 2.zoa FT 

u 26ce.cn FT . .a11e ___ c111c ... 'lUAD _. _______ 6.ooo rn -·---·---·-··-----.o.o. __ rn ___ Q.o __ rn .. ___ ~o.o __ _pi;_q__ __ 
QUAO 06ll It 4.000 FT •&.4q4 KG .6.QoO It,! .. 

66 26 lZ .Olt7 FT 
- .. TUN - - - CIP.c .. __ QJRT ·--· ---- 6.JJl IN ____ -------·-·--·---0.0 ... HL ___ z.n:LUl ____ ,.o_DeG ___ _ 

TUl'.O ELL 540.000 JN 2s2.ooo IN -100.000 HI o.o 11'4 o.o OEG 
66 26l2 .oo FT 

_ .....•....••. .APtL._ .. CIRC..--DRE. ---··-·- 6.0JJ IN _____ _ ____ o.o __ ..r.N_~ __ o.o .. __ iN ____ o.o __ ni;i.; ____ _ 
OAF lO 233.600 FT 

61 2845 .06 FT 
_ ... _ .. -·---- __ lUN ·-·· R.ECT .• _orn ____ . __ ._60.000 ut ____ 60.ooo ... 1.,._ ___ o.o ... rn. ____ .. o.o._.JH ____ o •. o_. __ oeG __ _ 

TUNO Ell. 610.000 lN 25Zo000 lN ..lo!I0.000 IN Ool HI l.IJ OEG 
61 21!He 646 FT 

·•·. -·· --- &PE ... _.llECT -.8S:NO -~- -· ---··--- 2.000 IN .. __ l.500 .• tPL ____ . - _q.o - -- rn .. ___ o •. !J __ IN_.____J).q ___ PIVi __ _ 
SEND Mel lO 2J.iJJJ FT 70594 l<G \45.2JO GVIC 

68 28t'l.H6 FT 
--- ._I - -·-·········--·-· .AP!: ____ ClRC .•.. ORF ... ·--·- - ·-·- 6.000 °Pl. ___ ~ ______________ o.o __ JN ____ ., .. J_J.N ____ o.1 ___ 0.F.G ___ _ 

OAF l l .500 FT 
69 2861.llt6 FT 

-- ---- - .. - -··-- --·· AP!:.---llECT. --BEND--···- .. _ ..... 2.000 rn ______ .t .. 530 .. tN ____ a.o .. _1~1_._3.J ._UL ___ •>.L..DEG. __ _ 
8Et.O 11e1 lO 20.000 FT 7.594 Kli Ltt5.200 GV/C 

70 28 97 • \lt6 FT 
-----···-APE.. ___ .ClRC.. -·.ORF. __ -·-- ·-· 6.JJJ tH--------·-·--·---·-----· a _._rn. __ . __ a .J.__lN. .. ___ ....:J.o __ .i)f;G __ _ 

ORF I 1.200 FT 
7l 28811.l't6 FT 

··-- APE ... llECT ..•• BEND.-·--·· ____ .z.ooo .HL----.. 1 .• SOO.L"t----D·O .. _rn ____ Q3.0__lf1 __ . ___ o.a._oe.1L __ _ 
BENO MU 10 20.000 FT 7.594 Kt; 145.200 GV/C 

12 Z'iC8.H5 il'"f 
... ___ TUN .. ··- Ci RC. -- DlRT •.. -·---- 6.000 .lN'.------· ........ ...:..._ .. o.o __ Jlll. _____ lo0'1<L.I"1~---0• L_DF.~---

Tll"'ll ELL 6lO.OOO ll'f 252.-J.:>() IN -lt'I0.00) Pl c>ol t,.. .:>.o oer. 
l2 cq:J9. Jlt'J FT 

·--- ... .APE .• Cll\C .. ORF .. -.-·-· .. ··- 6.000 Hl.----------····--·--0.0 •... tN __ .o.o ·--l"t~--···o.o. _.r.ier. __ 
Cqf '!I 85.5JJ FT 

7J 2'1n. "'' FT ........ nm .. RECT ... UR------- _ .. 160.000 111t .•. __ uo .. ooo. ti.---120.000.rn.---60.ooo_tN ____ o.o._oeG __ _ 
TIJNO RECT 36\.000 l'°' UloOOO (., 120.0IJO l"' 60.000 t'°' OeO DEii 

73 299J.81tS FT 
.••• .:.APE --ClRC- -ORF --·--·-·~··· 6.000 il't------··· ________ o.o .• _.t!t ____ .o.o ..•. lN. ____ .o.o __ oei:;. ____ _ 

· DRF 2 20.000 FT • 

••• AP!;.. RECT ORF . to.ooo IN ···-·- .lt.000 tN --- ---.. o .. o ...•. _rn ____ OnO .-i't---··· o.o •.. DEG----
C!lll REC:T 4111 !Hit'!' l00.000 IN '!10.000 tN O.O IN o.o 11'4 OeO flEG 
ORF l 3.JJI> FT 

. _75 -~OU.1!4.5 Ff-----· ---··· ·-·-····-··-·-· ·-- •.. _ ··-·····--·-··· ..•... ···--·--- ...•.... .--------·---------·-·-----APE RECT ORF 1t.ooo Pl it.coo tN o.o !N o.3 tN DEG 
ORF l 3.000 FT· 

JOl'l.1!45 FT-·· . . - . ·-- ..• - ' -· .. .,. _____ """;'""":"". ~· . ·~ .... 
-~--··-----·----



Pg.38 
TM-754 
2900.000 

SYS OUCRUTICN.-····--····--·--·-- DATE -9'2Jl.Tl-A-~--------fl~,.z6R'U.4 •. !la ________ uG .. F __ , __ 

PC:StTtC~ TYPI! cones PAUMETeAS 
NO.. -~ LENGTK l-- ··- z .. .. .J ... ··-·----l-. -·-· __ __:...~...:... ______ .! 

16 3019.84!1 flT 
.. APE - . aer.r. - 8EHO - -- ··-,-----TZ.003. I"·- ---t8.000-IN----··--·O.o ..... 1N.--··--O..O...-lH.---.Q·O--DE.G____ 
"E~ M8l6" Z U.300 FT l4.5ZO Kl; l"tS.200 r,v/C 

Tl 1033 .. tU FT 
APE 
'lRF 

.AECT •. ORF -- .• 4 .ooo. 1ti ----4 .ooo IN---- . .:..c. O .•.• 1~-0.G.--lN.--~-0 .. Q.__QEG. __ 
26.600 FT 

78 305'1 • 74!1 l'T 

·-- --·-·-··-·-·----····-----------· ... __ _ 
. ---·- --- ·-...•.. - ... _ -.. ·--···-··------------·-----------------~-----------------· --------· 

- ·- ------·--·------·----- . - -----···· ----------------
---·------------·--·--·--------------------------

... . ....... -. -··· ......;.. ----------· ·----.. -------··----------------------------·---------.. 
----··· ---·- ·-··---·---------· ·-----------------------·----------------------

·- ·-··· -·-·· -···--·· ·-·-··- . -·------·---··------
-·--···-·-----··-•••··--··••-· .. ---·-·•o----·--·---------------------·---.,..-----------

---·----·-~ --·· ~-----· ...... _,. ... ______ ... ,,,._._ ......... _________________________________________ _ 
··- ----· ---·--- ····---·· ~-··· ........ ··-··- ·---------····--·····-"··---·--·--·--·------
----··-~---~--.. ..:.--·--·---· ...... --·--~·-----·--·-------·--.. - ....... ·---·--··---·-------·____......--.... --------···----·-

.. ..__ .... --·--~-·-·..-·-·-· .. .:. ··~- .... · .. ·--·--· .. ··-• .. ····--... ··--···----.. ··-------···-· ........ -:--·--- ---------·-·---......-------
.!..--· ·-- ·--· .... _ ....... ..__C> ____ .... - ... -----·----··-... ----·----·--------



APPENDIX II 

Pg.39 
TM-754 
2900.000 

The Parameters Used in HALO For The Four Doubler Muon Beams 

"'t.ltff c~ ~Eu••t~a eft'4. 
"UC"I '4Cllf:"l?IJ" OoO lC i000.000 GV/C . 

-"·IN. Tl'~H ISIQ.a!A'tS-.!.fL!>H-Lf'.'tTR'L.!E.?!IE.SE~lU ___ 0.11t81'tE.. 07. HUCNS ,C!t .. NEUTqiNOS --· ---·------·-·- - -·-- ---···· ----· --···------·· 

SY$ OESClll HtrN. .CATE 9/'/2177 Tt"E-26e?llO. q4 04GE 2 
____ ,.. •·-•-·• "·-----------·-----•·--·-"'·--·-•..,••-·--·--v----------·• .. --·· ··-----·--- -------------·-

POSlT IC'f l'rPE i;ooes . •APANETERS 
NC. l !:NGT.. l 2 l l 'l 1 ~ ~ 

-----------------------·--·- ----------.. 
TU~ . ~ECf DIRT 60.000 IN 48.000 JN o.o t~ ~.3 YN o.o oec 

0 .c t:T 

------- ·--· _______ utt0 __ 1tf,,.rt.._ _______ _,,oo.000_1N... 900.0011..1N._.. ____ o.o. __ rn ___ _.:"J.90.ooo .. 1N. ____ o.o._oe.G...-. __ 
n.o FT 

OllF l 24 .OOO l'T 
--- _.z. .. ... l.lt .coo.!..!------------------~-----·-·-·····----- _., ____ -~--·--·-···- __ ... ___ .._ ----------

ap~ Cl~C QUAO · Z.25J IN o.o IN O.O !ff o.o llEG 
l)IJ.\!l 04l0 5 lll.000 FT -5 ,400 IC G t .OOO ! ff ' 

-- .3 __ . .J'r .ooo. f.J __ . --- -·--- ·-·-·-·- --------···----MF 'I. l.500 FT 
,. lS.500 FT 

l!.'."--C.L'lL---.QU.A .... D ~-- •• 2.25J H'----·--·· . ___ .o.o. ___ rn. _ __o.:> _ m __ :>.J-..DEG._ 
C'HO Cltl 0 . 5 10.000 FT ~~ ... oo KG 1.000 ftf 

5 45o'500 Ff 
---------·-· ---~!l."-"----------L--1• SJJ. ff. ___ .-----·-----

6 41.coo "T 
AP~ CtllC QIJ4D 2.25:> IN O.O t"I O.O IN OoO DEG 

--------UA1-.ClUC----------o~ooCL.fT---""'-5.40Q . ..K...._ ___ .l.OOO...trt__._. ____ .,. _____________ _ 
1 ST.ooo Ff 

2 ·6 .472 FT 

---·- -------·-··-------· ·---- -----·----- -------------2.25J IN :J.O IN O.O IN O.O DEil 
1.0.000 FT 4. 1'14 1tr; \ .000 ti-I 

-·--~3 .Ul...!.._, ___________________ ---·-·------ --- .... -----·--------------------·----ORF . 'l l .51l.J FT . 
10 71o .~72 FT 

~--------'~~-Ae.e.__:_c.t&C--Jl~AD ----· z.zso rn ___ ----~---'l.o .... _.rN _____ 11~,_1,.__ __ o.~.oea. __ _ 
O•li\'l 0410 io.ooo FT 4.774 KG a.ooo 1~ 

ll '"•'972 "'!' 
·-~-------D!'.E------·----L--.-l.500. fl __________ ;_ ____________ -----··----· ... -·-··-'-·----

U 96.4n FT 
APE ClllC QUAD Z.250 Pf CoO JN OoO IN OoO OEIJ 

_________ _.·.,,_,, .1ll-C4l0.------..5. -1.0.000 fJ _____ t.77<\ .. KG-·---LoOOO.l~--·--___ .:_ _________ _ 

ORF i .soo FT 
--Lit ... __ ,7.912-c:..f·f..,.,-------------------···· -- .. ----·-·· ----,...---. -·· --··--··---------·--··-· =-----·~----. ----· -

APE CtRC QUlO lo.ZS> t~ · · Cl.O ft! OoO tN O.O OE'> 
OLIA!) 0410 5 10.000 FT . . 4.774 Kil ' i.ooo t'V 

__ 15 _l07.'.l12 .. ff ____ ····--·---------~--
()OF 

'" I lO'l ."12 Ff I • 

-~- ······------· --·---APi: ·-· Cl1u: .... -CIJA1l.--.. __ z...zsO.ltL-.----· ··- -- ;,... ___ .. o.o .. !If --·..!--0.0 Q •• 1N..- ___ o.o_DE~----·-
·. . · 01140 QHO 5 10.000 FT aJ.291 l'G t.OOO IN 

11~.412 Ill --u 
-···-----· -----OR.F..-··----------·-L-· ·--1.500 Fl-----

U0.'372 FT 

• I 

i-----·--·-·-·------)------~ ---····- .... _ ....... ·-··--·~ 
• . APE CJllC 'Cl140 Z 0250 iN O. C t"I Oo!> t N O.O DF.C 

_____ O!JA!l-!lUo ______ ._ __ 10.000 l't-----~·Z9T .. KG..__.:._1.ooo .t!ll .. ____ _ ----·--- -·--·· --l9 no e'tl.2 !IT 
nq~ 1~500 FT 

..-20-·i;ta.1ou.:i~-;E---,-,R·-C--Q-IJ_A_0_._ ______ 2:z5,j ·x-~-·--··---------·--··---l~-:> ····1-;;-~-0.-0-·i;,;-- --o-;o-;;e~---
l)IJAO ~410 !J 10.000 FT -1.297 11'1': t.ooo Tiii 

__u__nz. 412...f..._ ____ ~---- ------------ ------· ···- •··-- --



Pg.40 
TM-754 
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PCSI T~C~ TVP'!: 
.. o. L!:'lGTH l 

21 lU.412 "T 
'JP F 

DATE 9/2217'1 

CODES 
z J 

1.500 FT 

n11e-zuno.q4 
-PAR.t;fms~-

" 4 

_ _....,""z _ .... , u..s.1 .... 2......,.e"'"r___ ----·-------------------------- ----··------·------'"" ClllC QU&n z.25J IN o.o t.. o.o IN 
QUAI) Q~lO 5 10.000 FT -l.341 ICG i.ooo ! .. 

1 

O.O DEG 

__ u __ ..uJ~nz....!,__ _________ _ ------ ··-··· - -------··--- -- .,.._. ______________ _ 
ORF lto e500 FT 

·. 

l69 .472 FT 
-----~_..~:__._rt£C.~fND~~--- _3 .ooo. _m ____ z.ooo _u1 ____ a. o _ .1~ -~--O•a-Ht ____ a. o __ _af.G. ___ _ 

f\i; 'fl) '48 6 20.000 FT -11.2so KG 600.000 GV/C 
25 lB• .U2 FT 

______ op~"'------~-~~~...., Jt5 oOOQ • F.I ·-----------··----··-·· __ ··-. 
26 lJJ.412 "T 

AP!: RECT llEtlO 3.JJ\) IN 2.0\lO IN ~t.OIJl tN OeO iN 
---"'"·-...... · •a ___ '!8.b.. ______ .-.__io.ooo_n ____ u.zso_K.i;. ___ 600.ooo_GV/C ----·--

o.O OEG 

27 251.472 FT 
ORF t.JJIJ FT 

_ _...2_..a __ as~ .. u ... 2_.e"'"'T....._ ___ . 
11Ec-r--13-e-.,,-o--------1;000 ·1·~----2.o"j;--1N----~-1:Joo- ,.., 
MB6 5 · Z0.000 FT ll.2'SO KG 600.000 GV/C 

__ z'"'9,.____..z~u ..... n.L .... e'"'r ______________ ~---·--·· --- .. ------·-· - .. -- ---··--·- ···--·-· ---------· ·--··------------
lll\F 8 lt5 .ooo FT 

30 )\0 o47l Cf 
__________ __....C!f..__A.""FC..,T.___-.",_f~.._ _____ .3.J")J LN_. ___ 2.000 . .rl\l _______ :i.o ... !PL _____ ,.,,_._PL ______ o.3 __ llEIJ ____ _ 

l'l;t\0 l''lb · ·S 20.000 FT -ll.250 Kil hOC.000 GV/C 
31 H'h'ill FT' 

________ __t!!..._ ___________ .l. __ 14. 5JJ .. F_J _____ ·------------ .... ---- ------ ------'---
:!~ !. O l FT 

ADI! ·r.tllC ')•J&') 2.250 Jill. o.o IN IN o.:> oer. ____ CVAQ ___ ,,.u ______ _..._ __ !J .uOO Ft ____ 2 .MLKG _____ ..l. 000. ll\I _____ _ 

H 361.'no FT 
CR F '. l O. 000 FT 

--l.4.-J?l .. ~-lC! . .£.~o-: · CIRC O~F --~:ooo-JN----·--- o-.O--l-1\!----o-.-J·tN----.,-.o OE_G __ _ 

COLL llSr.T VAC OlRT 9JJ.JOO I~ 900.000. IN o.o IN -1•0.000 r~ o.o oer. 
--.------.- __ _;._Q?.E'-----------.-l.Q - .L90.000 f_f ____ -:---------------------

35 S'>l .'170 F" 
JIPE cr~c cuao Z.250 IN o.c tN o.o .. fN o.o DEG 

- ·-·--·-··--------C~lAO--fHUl------~-lo.ooo ft ·---.. --Zo61!2..KG .. -- ... 1.000 l~--------- --- ---------· ------··-·-
16 sn.•no FT 

Alli: Cl'tC 011• 4.000 IN o.o Pl o.o lH o.o oei; 
·-----------C.~"---·-- .2.-10 •. 000 F . .f _______ ... ----· .. -·. --.. ·-·--··-----·-.. -- .. -· .•••. ---------- ------31 ~e1.'l6q _, · · 

. ""!: cur. n11F 4.0::10 111 o.o '" o.o tff o.o oer: 
-·---· _ __c,oLL-...!\~T--YAC-..fHA1--9i)J.JJJ lN ---.!l'l:t.·.no !H _______ 'l.J __ .rn __ '?T9J.nJ. lN __ ..:_,_).~ ··- oeG ____ _ 

OPF lO i90,000 FT · . . 
18 773.'169 "T 

-------------AP.= · c1:u:__ou4~n _____ z.zsJ Ht _______ . _______ o.o ___ rn ____ .o.o ____ r'f .. -.....--O.o ... _oea _____ . 
OUlO Q4ol0 'J 10.000 Ff 2.6112 KG t.000 t .. 

1q 7!13 .'169 Ff 
·-·----- _________ 1P:..-Luc._0R'"~---· ____ 1t~J:io t"l--.----·-----------0.0 __ J111 _____ o.o __ tH .. .,._.~_o.o. __ oer. ___ _ 

ORF 2 10.000 FT 
"n 1a't .01.0 "" 



SYS OESCP.fPTTONo 

PCSITIC .. TYPE coon 
NO. L!:flr. Tlf l z 

\O!; cue fJQF 
COi i SEC! llAC 
flltF 

ltl t;8] .<6'1 FT 

1 

DUI 
\•) 

OATE 9122/77 

.1 2 

. TtME•Z68Tll0.94 

Pg. 41 
TM-754 
2900.000 

Pi GI; 

---·-···----··---------- ----··----
5 

1t.ooo IN o.o !ti o.o IN o.o DEG 
.'lOO. 000_ 1 N ...... ___ 9QQ .. OOO...l.H..---· .Q .a. ___ ut ___ .,7..!:J .• O'l<LL"'-. ____ ,. J _ __n .... e ... a ___ _ 
l'U.000 FT 

______ . ______ .APE __ _us.~__lllJA.------Z.. 2.5J l.J{ ____ _ ____ Q. iJ .• _!.N.__ __ . .!l.l--1N ____ .o_n~a. __ _ 
QUAD C410 '5 10.000 FT -2.682 KG · . l.000 ,JN 

42 9'13.'i6@ FT 
___________ ... l!.:;;.1' _ __.c_t'""9 .. C_ ....... rAR&F------·4.0ll .• l. ...o .• ~ ... a.._tn_.o.O _ _DEG_. __ _ 

DP.F 2 10.000 FT 

------------AP.._f _ __.c~t~oc..__Jl!tE ______ r..JlOO...UL.---"--------... .o._l..H .O.IL-!N o •. o._....oe r. 
C~LL RECT VAC DIRT 9Jl.~JJ lN 900.000 IN a.CJ I Ill -780.:>00 IN o.:> OEG 
OPF 10 190 .000 FT 

~~--1L21 .. ~6!...f.L.--._~---·---------- -·-----ADE ClltC QUAD 2.25J IN o.o lN o.o IN o.o oer. 
OUAO Q4l0 '5 . 10.000 FT 2 .682 KG l.000 till 

---"-5--lZ.!U,.'!6. ... 9_.F"'T'-------·------------
APE CIRC OAF It.JOO IN c. 0 ,., o.o !N o.o OEG 
OR!' 2 10.000 .FT 

---------------------------
AP~ ClqC ORF lt.ooo !Ill O~O·--IN-----o:-a-··iN _____ 0:-0-0EG 
rnLL ltECT 'IAC DIRT 900.000 IN 900.000 IN OeO !~ -7BJollJ TN :>.:> O~G 

~~-~----------"'"o~e:....------------'uQ._._i.20.aoQ_fT.~·~--~ .. 
~,,e Ctqc QllAO 2.250 [\If o.o till o.o 1111 O.O DEG _______ ......, ___ _...,..1 .1CL-Jl!l..0 ______ ....... __ 10. OOO .. .F..t__ __ ::Z..682...!<'l_ __ 1.ooo . ..?N, ____________________ _,, 

\It l1 o'i67 "" FT 
Al>~ CiRC llRF 4.000 11\1 C.O HI o •. o tN o. o oer; 

---~-~--CR....__~-~~------"'---10.000.f.,__ __ ~---------~~--~---·~-~-~ 
49 t4Ue'i61' "" APE CIP.C MF 1o.ooo rn o.o '"' o.o IN o. 0 i'IEG -- _...,... __ c..,n .. ,1u1 _ _,,9!""f""C .... T _ _,,yJ,c___n.lll.--!1Qll.OOO. l~L---900 .. 00!l-°"fN..._ ___ . .o.o •. -1N ___ -?!llJ.:>:>J_rn ____ a.a.___n ... er..._, __ _ 

oqF \0 l90.000 FT 
'50 1u1.qu f'f' 

------·.\Pf i:rac.._.roAo ______ .z.:aso -In..----- ____ o.c •.. -t'L--..-O.o_....IN ____ .o.a.. __ ,,e.a._ 
'JllAO ')HO 5 10.000 FT Zo6'tZ Kr. l.ooo 1111 

!'!l U1.'!.'i!>6 ,.., . 

--.--·- _ _____ ..o..o._J!L_ __ Oe 0..-"l. ___ o~ Q._oe~._..:_ __ ------A!?F CY!!.!:.,__J)!tf __ . -·----'t .. 000. lM ... ___ _ 
cqF · z io.ooo FT 

!SZ u·n.4i66 FT 
____________ _..:oE...--t.lRJ:._.DR.£__--···-·• ... ouo._uL-----·---------O·O .. -lill-----·o"o. .. _m__o.o_oEr. __ _ 

COLI. AECT vu: DIRT . 900.0JJ HI ·cno.oao tN .o.o ,.., 0781).().)) IN , • ., llEG 
ooF to !90.000 FT __ .,.5~1 UZ.\..966...£,__ ______________ _ ·----·-----·-·-· ·------------APE C!RC 'll.IAO 2 .250 1111 o.o !>.! o.o IN OoO DEG 
l)IJAO Q4l0 'J io.oao FT •2eHZ KG t..noo Iii 

--!\-11!.Jl.sil-£.Y--~------------
APE c1qc · npc 4.000 r~ o.o I~ o.o IN o. 0 DEG 
oo" 2 10.0~0 FT 

·-- -· . . . . ---·-·----·------ -----------·-----liP ': CIRC l)qlC 4.ooo Pl o.o !\If 0.11 IN .. o.o ni;r, 
Ci"ILL AECT VAC ~(qf 91.)l, .)jJ l'I 9J'J.l.IO'l IN :).O ,., •TIJ0.000 tN o.D ni:c 

----·-···- .. ~-----·--·C?.F _______ ··--·---·- ·-~-10 ---190.000 Fi·------·-------------- ···-- ···--·-····- ··-·-··-----···--·--····---·....,-
.," ' ' n.a.c ll":T 



ns DESC•IPTiCN. DATE. 9/ZZ/11 T l"E• 26117110. 94 

·--·----PClS IT !C1'4 TYPE r.noes PAllOETE llS 
1'40•· . L'!NGTH l 2 l .1 z 3 4 

56 20.'H • o;65 FT 
IP'! CUC OUAO Z.250 IN a.c IN o.o. rtt 
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Par.e " --·----
5 

O.O DEG 
----·--------"'·!J.AQ..._J2.U.Q.. ...5..__..10&000 EI L.68LXR 1.000 •. lN,__ __ _ 

'5'1 2Jlo'o~65 FT 
APE CIAC nqe 4.000 IN o.o r~ o.o IN o. o os;r; 

o 10. OJJ. Lt. 
'8 Z·l!loH4 FT 

AP!: C I9C ORF 4.000 Pl O.O IN 0 .O ' IN O. 0 or;i; 
____________ __..1'.:1LL__!l.ECL-ll.AC Q IBT ~9;) J, J JJ .11'1 9 J O •. lQ.1LUl le 3 _J.!:L__::t.IJIJ., )l!J. .• Ht ___ O.O_.QfR"'"---

0" F 10 190.000 FT 
59 220 .'164 FT 

_____________ _..p..:_ __ t.l!V;_oo.~!l----- .z.zso .IN ___________ c.o •. _1,, ______ o.Q _JN_!. __ .0.0 .. _.Def.i. __ _ 
OU40 04l0 5 l<l.000 FT -2.682 KG t.ooo IN . 

't&OOlLHL tO 225l.~64FT E-J:.l9C ?RE z 10.000FT 
CRF 

____ o.O--l.N o .. o ___ lN o.Q_Dt;G ____ . 

' 6l iit'J.<;flt FT ' 
-------------=··'e..__~cra.~!\ !t.ooo .. rn o.o _ ___t~ o .. o..-1N _o.o__!lF.G. __ _ 

COLL .. llcCT . VAC DIRT 9JJ.JJJ IN CJ:>O.l)QI) IN J.a IN -180.000 IN o.o DEG 
ORF 10 190.QOO .FT 

___ _..6..,Z-l.'t.11.163 ----·- .... -·-----···-------- --·-···---·---- o:a-·t;;fo--AP'! CIRc; 
QIJ Ai> 0410 

6] lU1 .. l.9.6l EI 
APE cur. 
ORF 

a•uo 

DllF 

2 .Z5J t"I c. 0 IN o.o IN. 
,. 10.000 FT Z.68Z ICG i.ooo , .. 

2 
1o.ooo tN 

10.oooFT 

-o-:c,- --,,.,-------c;;o-·-,-;,~-.--0:-0--oeii 

1!.i..-2u1 •. !63-E.l. ------ 1o.ooo 1N o.o--i~----o:o·-,N----o:-a oec APi: CJllC OR"' 
CCLI. qecr VAC DIRT 9.JJ .on IN 9:J:J. 030 JN o.o 'N . -Tso. 000 I "'I o. 0 nee 
ORF ___ _...Q_J,.90.000 ft _ __;__ _________ _ 

65 2661.963 FT 

66 --- APS C1ltC · 
1.67l.<16Z '"T. UA!l-0.~l!J OIJAO -----~'' 

Z.250 l"I O.O IN O.O 
A.O. 000. f.! _ _-_"'!%.6U .KG .l..000 •. .Ilf. ___ _ 

IN O.O OEG 
--------. ----- ------

4PE CIAC ORF 4.000 IN O.O Iii o.o YN O. 0 OO:G 
____ ..-.;..La.E--~---------Z-.-t.o.ocro f. T ------------·-----------·-----

61 iUJle41U FT 
AP': C fllC O~f! 4.000 l'I o.o I,. O.O IN O.O DEG 

----·-·-····---· .COLL-.9.ECT--.VA'---CIUL.-9JJ.J)J lN .. _____ c}Jo.::ii>G tN -·-·-··· Je.:J. __ 1.-.._._:ino.000 .• tN •. ________ o.o ···- l)':':i ---
ORF 10 L90e000 FT . 

69 2871.<;62 Ff . 
·-----A!.'E .. --C.Ut......;..CIUQ... _____ ._z.250 HI-----·-·-·--·'----~- o.c "' l'f _____ o.o __ .tN ___ ._.o.o.._ .. Oe'l ___ _ 

01140 Q•·10 ' 10.uoa FT 2.6112 l(t; t.ooo tN 

69 ieB. <;62 ·"' !?~~ __ c.IR.c_.oBF.----:-
CP.f . 2 

tr.ooo IN. ___ .______ 0.0.:_.1~ .. _. __ o·.o._.tN __ .o •. Q._D'!G ___ _ 
10. 000 FT 

10 '8'0.9tl FT 
------AP.f. __ c.JAc__o!lE ·- ___ tosooo Ht_. _________ __:o.o _I'll .. ____ o.<t .. -- IH. __ . ___ o.o_.oea ___ _ 

(ryll PECT · YAC Ot~T 900.000 IH 400.000 [N O.O I'll •790.000 IN o.o ~EG 
'>"F · io .. ho.ooo FT 

~.:r1.~ 1oe1 .. 'i6l..F..t.. _______ · .. _____ ._:_ -·· ----------------····--..------····----
. 4Df!. Cl~C CUAO z.Z'lo IH o.G I'll o.o IN o.o OEG 

~IAO 0410 5 10.000 FT -Z.682 ~n t.ooo IN 
---12.. lO'i1.C:6t.F.L.... .. _______ .__ -·-----···-····- .... · ----·--·-·-···---·---·-·--··· -----------
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SYS oesc•tPTtCNe OU1! 9122177 llAGt? 6 

Pnsr TICN TYPE CODES 
HO. lFNGTH l z 1 1 

-------------
.z 

PAlll"FTERS 
1 5 

-7-;· -1,-~3~f;\i=T 
APE ClltC l)ltl' 4.000 tN o.o IN o.o IN o.o oei; -- .. -·--... ·-··· 

·- ______ !)_qf____ -1.Jolllil .F.L. 
13 U01.Hl FT 

APE ClRC QDF 4.000 l"I O.O !IOI 0.3 fN Ile'· DEG 
____ ·-·----'JLL-Re.cr ___ vAc __ .!ll.U ____ 100.ooo 1N ___ ,aD.ooo_t~---·o •. o_--1N..---=.?Bo.ooo.tN._. _ _o.o __ oeG __ . _ 

OllF 10 190.000 FT 
11t 3z•n .960 FT __ __..Ae:.._c.u.c.~uA-------Z .. z5o rn ___________ _,,.o.. __ ,!'( ____ a. o. __ Jrt ___ _o....,. o _ o~G __ _ 

O'IAD OHO 5 10.000 FT 2.682 KG i.ooo tN 
75 !1C1.~63 FT 

____ \P.:..__i: ... rn .... c...___.n,,,a"'F------· '*. ooo lit.---·- -----·-----o .o ____ t•1 _____ 0_.o __ _Jtt__ _ _o. o __ oeG ___ _ 
CPF 2 1.J.JJJ FT . 

_______ _,.ap.JL._.(l!c__r!'!..,.F _____ . _____ 4. JJ > .I'L----·--·--------0• O_ l"l---- _J o3 __ HI ___ .JJ. , ___ !lF.G ___ _ 
COLL RECT 'llAC 0111.T 900.00Q IN 900.000 IN O.O !"I •HOoOOO IN o. 0 DE'l 
Cll F 10 190. ODO FT 

__ _.....1,_.1_ .. uo.l...~ . ..._----------------- ---·----
aPE CtAC QUAD 2.2so IN o.o t"4 o.o 'l"f o. 0 O!:t; 
4115 C TRC q~ Bf 2. 250 Pl o.o TN o .• O IN J.:> '>EG 

-----______ _..!!.A.~i ..... ______ , ___ 10 .ooo H---""'"-Z.!t-58 . .KG. __ _i .colJ . .l~----
78 3513.'159 FT 

~Pf CfRC ORF 3.JJIJ HI :>.o HI 'lel (N J.3 DEG 
___________ _,.8.5_.RECT BE_ __ F""f..._ ___ 60.000.l~----rt8.000JN.. ____ o.a ____ l'l ____ o.o.--1.N ___ _:O.O __ ner.; ___ _ 

Ci» F 5 lo 500 F T 
n '5l'5o'9'l9 FT __ J. _________ ,.,!;__.afcLJ!:NIL _____ 3.ooo .rn ___ _...ooo 1~ ____ ..o.o ___ rn_..:.__ __ o.o_tpt___ __ o.o __ oer. __ _ 

A"S •Ht:T BE BE lotlJJ IN 2.0:>0 IN IJ.:J. IN O.O YN o.o DEG 
!"E"IO '486 5 Z0.000 FI U.DOO KG 550.000 GV/C 

___ 8Q--3!ill .. 'e.5~•-F.:..t...._ __ ------·---··-- ···-------------·----·-- ------·--··-- ____ ... _ . ..,. ___ .... -------·---

u 

81 

IJZ 

ADE Ct~C ORF ~.QJJ lN 
COLl PEt;T VAC P!RT 900.000 tN 900.000 tN 

c.a 
o.o 

O.O tN 
-'180.000 IN 

o.o 
o~ o 

DEG 
DEG 

_____ _.c""9.~e ___________ . _ _i __ 2a. soo F 1------------- ----·----· ---····------ --·-··---
?HJ.H~ FT 

TIJN CfRC !>!'tT J.000 l"f O.O l"f O.O rN 0.0 DEG 
_____ ruN!l.-....RE.Cf--------·llJJ.OJJ lN---'lllO.an .. rn _____ o.:i --H• --'!:.790.o'la .. lf\1.c .•• _· ___ o.o __ DEG __ _ 

1u1.c;159 i=<T 
APE cr11r. SCR ZcJtlJ ll'! J.:> l'I O.l t"f l.:> flEG 

···-··--· ____ sr::a...._. _______ ,:.._ __ -l4--Uo.oiio FT --- __ u.ooo KG. __ •• o.ow ... 1"4 ··-·---... z.ooa. lN. ---·-..3.ot>o t\11. __ -.:,._ 
37U.'ll58 FT 

TllN RECT CURT 60.000 l"I 'tll.000 IN . o.c i"I O.O TN o.o DEG ... _____ 
----lln!L-REc.L-.--- ·-·'iOO.,.OOO.tl\4. ___ 91JO.OOO .. tN __ o.o -1"4 •• -.'!!no.ooo lH .. -- .o.o .... DEG .• __ , __ 

ez. 3111 • .;5' FT 
&PE • CIRC QUAD z.,zso rn c.o 114 o.o IN o.o nee 

---------·!lU.411-Q.•U a 5 ___ 10.000 FY ___ __;__z •. 458 KG ___ _..1.000 .. UL----··----------- -·-- -·-. ·····---
l'l 3723.~'i! FT 

APe CtRC DllF It.ODO JN O.O IN o.o fN o.o DF.r. 
___ c!l.L....-----------""'2'- 10.0ltl .EI-----···-·-·----·-----------------···-·--··----

'" !lJ:!.C5@ i=<T 
'I'll'! ClAC RJllT 3.000 IN OoO IN O.O IN O • .> DEC 

. ___ 1u110--RfCT. ___ 900.060 .1-. ___ 900.000 ..• m ___ o.o ..... .l'«----~.Tao.oo'l_Jff __ o.o ___ DEG. ____ _ 
lit JTH.~5d FT 
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------------------~~--~~~----~~-----~---~~--~~~-~---------'-"--~~ 
SY! OE!CitlPT!CNo 

PnS?T •er.: Type 1!0011!5 
'IC. L~~GTH l z ' 

DATE 91"1.?177 

------------------
l 2 

TfME-268TBOo9.\ 

PA°OiiiF.reis 
1 

PAltE ., 
4 s 

8.\ 3713.'iH F-,----- ~ -, -
APE CIRC. ~CR 2oJllJ IN 3.1) !N o.i> IN 3.0 OEG 

___________ ....._.,.___..;_ ______ 1o...,_u.o .. ooa . ..ET 15.oooJ<G___:_ __ o .o _-11\1. ___ 2. oou11 J •. 000......I~-
es 1aa1.1se CT . . 

TIJN 

!5 3u'i.c;se FT TU"'2-j~~c ri!RT --·-----
60.000 lN o.o Pf O.O l"I o.o DEG 
~oo. ooo . .l.N 200. oooJN ____ o .o __ rn ___ ..=7.iso.ooQ._tJIL__ .. o •. o ____ DeG __ 

&Pe CI~C SCR 
~--·~~-~sr~ · ia 

3.000 ,,, o.o i"I . o.o rN 
!tO. OJLl'.L t5 •. :JJL~G ____ J.O ..•. Pl. ____ ·. J.OO.~L!tl_ 

o.o oEr. 
• 6-). no _.rn -~ 

!b !'HJ.Hf Ff 
Tll~ ltECT OlltT 60.000 l"f .\B.000 IN o.o IN o.o tN o.o oeG 

·----"~U."L!L--B.£.0:____ .JJ. OJJ .lN __ !J 0. JJ'J.lH .• 0 ._ t ~ ---=190~ 000 .1.N ----"· o_ oe G ___ _ 
8b ?Hle'~5E FT 

APE CfllC 'lUAO 2.250 (N o.·o JN o.o fN o.o ~EG 

------------.,.•~•. D-.C:ftl l 5 10.000 .. f.T -2.'tSS .. ~G .OO!LIN ___ _ 
ST 3'131.'157 l'f 

APE C IAC ORF 4.JJJ [N J.O t"' o.o iN o.o l'IEG 

-----------~-----~Re.---~---~--- z__i.o •. ooa..F..L ------- --··--------· --------------------
98 3941 .?H FT 

AP': CIRC DRF It .ooo, IN O.O t"f O •. o YH o. 0 DF.G 
.C01.• 'I EC I...-\Ut !lll!,I 9000000 . .l~----!lO.OoOOO JH _____ o.o ___ rn __ .~~o .oQO_.[l:f .o.o __ Jl..E:G __ _ 
C"F tJ t+l.Oi>J FT 

llt; ?c;n.c;s1 FT · 

- ,., ~L-..C Bi:.__!ll!!.I ______ J.000.1~-------· o.0 __ 1rt __ .~_., .. _.trL l .• :>_!1e~.--
TIJNO Rf CT 9JJ.1100 IN qoo.ooo IN o.o IN -1so.ooo IN o.o DEG 

!9 J<18 l .'l 5'7 FT 

-------· !!" C t3c.__s..CR Z.OJLUt ______ ... -··---o.o._rn ___ o.l .. __ IN .. .l •. 0._!)EG_ 
~R lO l50.ooo FT 1s.ooo KG o.o IN 2.000 1~ :s.ooo r~ 

'IQ lollle'lSl FT 
____ .!UN.--.llEC!-Dl.R! &a.ooo. HI ___ .tt!!oOOO. flL..:... _____ o.c._1tf ___ . _____ o.o -- Hi _o. o ___ OEG ___ _ 

nJ~~ RECT 900.000 I~ 900.000 IN o.o t~ ~TBOoOlJ V"I l.O DEG 
'lO 4ll3.c;53 FV . 

-----·--------··\P.E...--tuc__ouan .. z.zso pi._ __ .. _________ :.__o.o ... _.1•1. _.0.0 .. _ .. _m ____ o.o . ..:._or:r,. __ 
QIAO 04\0 • !I LO.OJJ FT Zo451! KG t.OO'J IN 

91 H4'!.H'l r:y 
_:_ ________ -----"-..AP."--t.ll!.L-D!lf. 1t.ooo .. 1 __ , ___ o.o_.JN __ .o .o ___ Jff_· ____ o. o __ OEG __ 

CPF 2 lJ,QJO FT 
'l2 'l!!.H' 111 T ----·--···--------·-'l'Utt--c..ue .. _.nnt . .l.oaa .l'L.:.. ___________ ..11.0_ •• tN_. __ o.o ___ t"L. ___ o.o_ .. ne.r. ----

TUfli·J qfCT 900.000 J'I <Joo.ooo fN o.o ,.. •1'80.000 rH o.o llEG 
<tZ lol!lo'i'lt!I PT 

------- .AP.!--.C.!!u: __ s.c11 2 • .:iJJ IN·-·---··--· _________ :i., ... trL ____ a.o .. _t., ______ o.o ..... oer. 
~Cq lO U0.000 FT u.ooo KG o.o Pl 2.000 IN 3.000 t"I 

·93 4103.9.\l PT. , 
------·-· TU1'--Cl.1!.r!.._..!l!AI · __ .60.000 rn ·---·-··-·--·-·-----· a.c ..... l~----·-o.o .. lfof .• ____ o.o _ .. oer,. __ _ 

93 ·HOla94t FT 
TllllO RECT 900.000 l"I 900.000 !N o.o l•I •780.01)0 rn o.o ner. • 

----·- ----AP.E.-'uc.__sc~ • .-loOOO .lit. _____________ _ 
SCR id .\O.ooo l'T \5.000 !CG 

.o.o .•.. IN -~--o.o. __ JPf. ___ o.o. _ner, __ _ 
o. 0 tN 3.ooo TN f.0.000 I~ 

o.r. 43/eJ .'138 FT 

--.--·· -... -- _-l'UN-SECL-.CI.RT .6J • .:IJJ lN--- 1ee.:no lf(_. ______ o.o, __ p1 _____ o.:i :.rn ..... -·-. J.O - .O~G ___ _ 
TU•IO 11\fCT 9011.000 l"I '100.000 1-. Q.C lti ... 71\0.000 fN O.O l'll't'.l 

'lo\ 04J .938 FT 
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sYS OESCRIPTffl~. DATE 9/1.2171 T 1"!•268180.114 PAGE ' ------· ·---... - --PC St Tt C!ll "YPE COO!'S PAUllETeRs 
NO. lf .. CTH l z J 1 2 3 4 ' ·------q4 4J't).q)! "' 

AP~ cnr. QUAO z.z,o tN a.a fN o.o tN o.o OEG 
. ·- ________ _,C1.Uo_""10 5 10....00fl .E.T =Z.:\54..J< L..000-lff-

45 os1.n1t "' 
A Pf CIRC l)!IF 1t.ooo '., a.a tN O;,O !H o.o OEG 
C!I. __ LI). oou. e: ... "1!>1.'l3l FT 
APE CIRC ORF 1t.ooo IN o.o 1N o.o IN o.o OEG 

______ ,.,,U--Jf.C.L___IL-u:___nts.L-200.000. UJ __ ___gno.tloo_J:N.__ __ c •. t:L--1N----?aa.a·aa..tL ____ o.o__oeG. __ _ 

-----
CPI' 10 190.000 FT 

------RL--C.tRL..JU!A,._ ______ z..z.so. UL------··- ----- o.o_.-1!t ___ .. _Jl...11. __l!.l.._ ___ o •. a___~""ec.._ __ _ 
01JAO OHO '5 10.000 FT 2olt'58· !<!;. 1.000 , .. 

pc; c t !'_::_.___j}P. _ .'t.000 L'I _____ o.o ___ !N-___ JJ_..o_rn __ __o.o __ oet;__ __ 
CRF 

C'lll 
ORF 

c..tB c..__oa 
itECT VAC 

z 

DIRT 
lO 

10.0JI) FT 

4~00Q __ _....., ___________ o .... o .. _IJ.L ___ o .o_l'i ___ _.o. o __ !l.l!G'4 __ _ 
9Jl. JJl 1•1 9l0o 030 IN · o. J IN -no. )Jl, IN o.o '>EG 
l90.000 FT 

__ _...QD_.Ub]...S,..,t ... 4_...fy.._ __ A_P_F. ___ C_! R-C--Q-U-A--0------· i .-ZSO ·i;,----·--·-----·--o:a·-l·N----o;o 1111-....---0-. 0 nen __ _ 
OUA'> 0410 ' 10. 000 FT -2.458 Kt; . a.ooo JN 

_ _...._1,.., .... s_u_11~-s .... • ... :i ....... ~ ..... 1___________ --------- ----·----------··~· ------·--· _ 
APE Ctll.C ORF 4.000 HI O.O TN O.Q lN q. 0 llEli 
COLL ll.ECT VAC O!RT 900.000 IN 900.000 lN O.O IN -780.JlJ IN J.o oer. 

-'iOZ4ii-63-.-.,-c-6-.,-r-___ o • ..,,l!>..::"'------------......... -.9 .> .ooo. EL._________ ··- ·--·· ·-------·· 

AP!! P£CT '!FNO 3.0JJ HI l!oO'l') fN l.J fN Oe!> o.o oeG 
c:!iif)· .. s.c. _______ ..__z.o..oooJ..._ ___ u...ooo_.1tG._.--5.50.ooo_GVJc..__ _____ _ 

lPE Cill.C ~RF 't.OJJ 1111 o.o !!II • O.o HI o.o IJEG 
DUT 900.000-l~N---'Qll.OOG.JN __ . __ O.Q.,-lK---e..?.90.000. ... !H.--O~O--DE~.---

_________ u..._.uu__v1c 

ORS: 

---~--~-------~-Jee Ct.l..t.--.Lla£ 
COLL AEr.T V&C 
OllF 

\0 Ul. 5Jj FT 

____ o .. o ___ u.__ ____________ a.0_1H-----·-~ .. l-.. -1n ___ ,,,.,_o.er; ... __ _ 
ot11.r 5999.9~& IN 900.~oo IN a.a ro,i -1qo.ooo ~N . o.o oer, 

to 6599.996 FT _ 1.0s_1uc;S...1n ... e..,,. _______________ o. ----
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APPENDIX III 

A) 

PROPER TIES OF THE MUPIPE 

Magnetic Field 

Using 
~ ~ 

.'PH. ds = I we obtain _,.. 
H (r) = 0 r<a 

t\ ~ I 9 H (r) = r>b 
2 1T r 

~ 
2 2 

" I r - a 
H (r) - e a< r <b 

21Tli b2- 2 
a ... ...::. 

B (r) = µ (H) H 

Of primary interest is the region a<r< b. Figures Al and A2 show the 

relevant quantities for pure iron and for hot rolled low-carbon steel. 

( See reference 11). The parameters were I=5000 amps, a=2 inches, and 

b=3 inches. d:=r-a. In both pure iron and hot rolled steel, the mag

netic field attains very high values after only penetrating a small 

distance into the mupipe wall. 

B. Power (D. C.) 

2 2 
p=IR= I L 

1T(b2-a2) 

-5 
Using p = 1. 6 x 10 cm, we obtain 

p = 4 watts I cm = 122 watts I foot 
L 



AZ 

C) Deflection in pure iron 

p = 0.15 / L = O. ll3~ GeV/c (meters) -l/Z 
J.h\S '\/' 0. 0176 m 

pJ.S = O. 03BL 

T =..E&.JL = O. 03BL - O. 265B-{L 
p.LMS 0.113-v:r;-

-1 -1/ 2 
kg meters 
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At what angle does a particle have to enter the wall of the mupipe so 

that L is large enough for p > p ? For a particle that enters 
.LS ~S 

the wall at an angle e, L(9) can be found from: 
2 2 2 2 [22 2 

L = 2 p e + zpd - pde - 2 pe'\/P e + Zpd - d -
p = the radius of curvature 

d = depth into the wall 

2 
pde 

For a particle that overcomes multiple scattering, the average B field 

is 16. 7 kg and calculating L, gives L=9 meters for p = 800 GeV/c, and 

L=3 meters for p=lOO GeV/c. Figure A3 shows T vs L for several 

angles and indicates that the field wins over the multiple scattering 

at,...., O. 008 mr for p=SOO GeV/c, and at,...., O. 03 mr for p=lOO GeV/c. 
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