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| | NTRODUCTI ON

Fol I owing the incident at H Il sborough Stadium Dr N chol son provided ne with
several al bunms of photographs. He told ne that these had been supplied to him
by the West Mdlands Police. He said that they contai ned sone phot ographs of
the spectators in 'pens' 3 and 4 taken at H Il sborough Stadi umand that they
had been taken at about the tine that the gane commenced. He asked ne to
provide himwith a scientifically-based estimate of the nunber of persons in
"pen' 3 and in'pen' 4, and the crowd packi ng density (nunber of persons per
square netre) in these'pens' .

| was al so provided with a di nmensi oned draw ng showi ng a pl an vi ew of 'pens' 3
and 4. The drawi ng had been prepared by Ral ph Brade & Associ ates, Consul ting
Engi neers, Sheffield, at the request of Dr N chol son; it was nunbered 1340/ 02
Rev A and was dated 3/5/89. | used this drawing to establish the | ocations of
the crush barriers in'pens' 3 and 4 and to calcul ate the areas of these 'pens'.

| was assisted in this work by M GA C Ganes, a Senior Scientific Cficer of
RLSD s Mechani cal Engi neering Section and Ms S M Barker of R.SD s Mechani cal
Design Unit.

2 PHOTOGRAPHS USED FOR GOUNTI NG THE NUMBER OF PERSONS

2.1 PHOTOGRAPHS TAKEN ON 15 APRIL 1989 SHONNG'PENS 2 AND 3 - PRL/7A AND
PR1/ 8A

Two prints of the West Terrace were selected by M Games and nysel f fromthe
al buns of photographs. These prints were | abelled PRL/7A and PRL/8A Wést
Mdl ands Police inforned Dr N chol son that these photographs were taken by a
pol i ce phot ographer, M P R ch of the South Yorkshire Police, froma fixed
position in the South Stand. The phot ographs were nmarked with a tine of 15.03.
The field of viewon the two phot ographs overl apped and by identifying the
sane | andmarks on each, it was possible to overlay the photographs to forma
conti nuous view of the crowd. The prints fromthe al buns were too small for
further work, and | therefore requested that enl argenents be provided. Vst
M dl ands Pol i ce subsequently provided enl argenents of the prints and these
wer e over | apped, as descri bed above, and taped toget her.

2.2 PHOTOGRAPHS TAKEN ON 22 MAY 1989 SHON NG THE WEST TERRACE WHEN EMPTY -
PRAQA2 TO PRQ A5

| could not identify the positions of barriers within the 'pens' fromthe
conbi ned phot ographs PRL/ 7A and PRL/8A. Dr N chol son t herefore requested Vst
M dl ands Police to arrange for M Ri ch, using the sane equi pnent as used on
the day of the incident, fromthe same position, to take a set of overl apping
phot ogr aphs whi ch showed the enpty Wst Terrace. Common | andnar ks were
identified on these prints and a subset, narked with nunbers PRO A2 to

PR O A5, were then overl apped to forma panoram c vi ew of the enpty terrace.

2.3 PHOTOGRAPH TAKEN 15 APRIL 1989 SHONNG' PENS 2,3 AND 4 - MPl A-14

Q her phot ographs taken on the day of the incident showed | arger areas of the
terrace. Photograph MPI A- 14, taken fromthe North Stand, showed a | ong vi ew of
"pens' 2,3 and 4 and was narked with a time of 14.52. Dr N chol son requested
enl argement s of the photograph and these were provi ded by Wst M dl ands

Pol i ce.



The head of every discernible personin the crond was digitised to produce
the drawing PRL78A, Fig 1 is based on this draw ng.

3.2 DATIS NG THE CROAND FROM THE RENAI NI NG PHOTOGRAPHS

The same digitising procedures were used w th photographs MPI A- 14 and 148. 3,
again digitising only positively discernible individuals. Figs 2 and 3 show
the digitised informati on from M| A-14.

3.3 D dTISING THE CRUSH BARR ERS FROM PHOTOCGRAPHS PR Q A2 to PR Q A5

Over | appi ng phot ographs, PRO A2 to PR Q A5, were positioned on the digitising
surface and the crush barriers, fences and wal | boundaries were digitised into
the CAD systemas a separate draw ng.

4 CAD VAN PUATION OF THE DI 3 T1 SED DATA
4.1 NUMBER CF PERSONS I N THE WHOLE AREA OF " PEN 3

Drawi ng PRL78A(Fig 1) showed asterisks representing people in part of 'pen 2
and part of 'pen' 3. The drawing did not include all of 'pen' 3, because of
the limted viewin the photographs, and therefore an overall count for the
"pen' coul d not be nade using the drawi ng shown in Fig 1 al one.

The editing facilities of the CAD systemwere used on drawi ng PRL78A to del ete
the asterisks representing the occupants of 'pen' 2, and produced the draw ng
shown in Fig 4. The CAD systemwas then used to overlay and position the

draw ng made from phot ographs PRQ A2 to PR Q A5, as summarized i n Section
3.3, on the drawi ng of Fig 4 by matchi ng conmon | andrmar ks on each draw ng. The
resulting draw ng di spl ayed the full extent of 'pen' 3, but only contained
that part of the crowd shown on the original photographs PRL/7A and PRL/8A
causing part of 'pen' 3 to appear to be enpty.

| used the facilities of the CAD systemto estimate the nunber of persons in
this mssing part of the crowd by creating a 'patch’ of the sane size and
shape as the apparently enpty part of "pen’ 3. This 'patch’ was superinposed
on the popul ated area of 'pen" 3 and the resulting 'crowd patch' copied to the
apparently enpty part of 'pen' 3. The resulting drawing is shownin Fig 5, the
crush barriers having been omtted for clarity and the 'crowd patch' being
shown in bold outline. | used the automatic counting facility of the CAD
systemto count the nunber of heads (asterisks) shown on this drawi ng.

4.2 NJUMBER OF PERSONS IN RO WTH N ' PEN 3

I was concerned about the difficulty in discerning individual heads near the
front of 'pen’ 3. | also wished to have some neasure of the variation of crowd
density across the depth of this 'pen'. Therefore 'pen’ 3 was divided into
rows parallel to the front boundary fence. Using the crush barriers, digitised
from phot ographs PRQ A2 to PRQ A5, as demarcations to divide "pen’ 3 into
four parallel rows nunbered fromRow 1(front row to Row4 (rear row.

Using the overlaying facility of the CAD systemthe crush barriers were
superinposed on the drawi ng shown in Fig 5. The top rail of each barrier was
then projected upwards to a conmon scal ed height of 1.7 m assuming this

di nension to be a cormon hei ght to the centre of every head. ldentification of
the occupants of 'pens' 3 and 4 had been undertaken by | ocating the position
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(asterisks) within the rectangul ar area i n each 'pen’ was then obtained. This
procedure was repeated at different |ocations until 4 sets of counts had been
obt ai ned, at the positions shown in Fig 10, taking care to ensure that
obstructions e.g. persons outside the terrace, did not protrude into the
rectangul ar areas.

5 RESULTS
5.1 NUMBER OF PERSONS I N'PEN 3 GBTAI NED FRCM PHOTOGRAPHS PRL/ 7A AND PRL/ 8A

5.1.1 Nunber of Dersons identified directlv fromthe photographs

The nunber of persons counted autonatically within'pen' 3, on the basis of
the nunber of heads directly identified with the digitising nmethod, was 1074.
To this nmust be added the nunber of persons in that part of the 'pen’ not
shown on the phot ographs but estimated by the 'crond patch’' nethod ie 334.
This results in a total figure of 1408. It is ny opinionthat this total is an
underestimate of the nunber of persons within 'pen' 3; lack of clarity in the
phot ographs nade it difficult to identify individual heads near the front
boundary wall and al so peopl e outside the 'pen' obscured parts of this area.

5.1.2 Nunber of Dersons assessed by dividingthe 'pen’ into rows

Table 1 shows ny alternative assessnent of the nunber of persons within'pen 3,
based on the division of the "pen' into four rows. Persons in Rows 4, 3 and 2
were identified directly fromthe photographs using the digitiser and ' crowd
patch’ nethods and counted automatically. The nunber of persons in the front
row(Row 1) were estinated on the basis of the plan area of the row and a

crowd packing density of 10 persons/sq m This alternative and preferred
assessment of the nunber of persons in 'pen' 3 is 1576.

Table 1 al so shows the crowd packing densities for each of the four rows in
"pen' 3. The crowd packing densities for Rows 4, 3 and 2 are based on the nunber
of persons identified with the digitiser and 'crond patch' methods from

phot ographs whilst that for Row 1 is a val ue assuned on the basis of tests
made at RLSD.

5.2 NUMBER OF PERSONS IN' PENS 3 AND 4 GBTAI NED FRCM PHOTOGRAPH MPI A- 14

Tabl e 2 shows the nunber of persons in 'pens' 3 and 4 obtained by using the
automatic counting facility of the CAD system after they had been identified
on phot ograph MPI A- 14, using the digitising nethod.

It was extrenely difficult to differentiate between individual heads on

phot ograph MPI A- 14 and only those heads that coul d be definitely identified
were digitised. | consider this to be the reason for obtaining a count of 678
persons in'pen 3 from photograph MPI A- 14, a nunber which is | ow conpared to
the 1408 persons counted from phot ographs PRL/7A and PRU/8A and to ny
preferred estinmate of 1576 persons.

It is ny opinion that the counts of 678 persons in'pen" 3 and 821 persons in
"pen' 4 should be regarded as being unrealistically low It is also ny

opi nion that |I obtained a much nore reliabl e assessnent of the nunber of
persons in'pen' 3 fromthe counts and esti mate based on phot ographs PRL/ 7A and
PR1/8A.

Wi | st the above figures cannot be used as a total count for the 'pens' |
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bel i eve they can be used to conpare crowd densities. The ground areas of
"pens’ 3 and 4 are very simlar (see table 1) and | consider that the counts
obt ai ned suggest that the crowd packing densities in 'pens’ 3 and 4 were al so
simlar. The larger count in 'pen" 4 can be partially attributed to the angle
and position fromwhich the photograph was taken, whi ch enabl ed easi er

i dentification of individual heads in'pen' 4 thanin'pen 3.

5.3 NUMBER OF PERSONS W THI N A SAMPLE COLUWNAR AREA OF ' PEN 2

A total of 150 persons occupi ed a sanpl e colummar area taken fromthe front
boundary wall to the rear boundary wall of 'pen" 2. The correspondi ng crowd
packing density was 5.0 persons/sq m

5.4 COWARI SON OF THE NUMBER OF PERSONS I N'PENS 3 AND 4

Tabl e 3 summari zes the nunber of persons identified within different areas of
the sane size at four locations in each 'pen . Al though the numbers of persons
shoul d not be regarded as absol ute val ues, because of the difficulty in clear
identification, it is nmy opinion that they do serve to conpare the crowd
packing densities in 'pens' 3 and 4.

Maki ng al |l owance for the difficulty in identifying persons, | consider the

di ff erences between the nunbers obtained in each of the four conparisons to be
small. Additionally, there is no distinct bias to suggest an appreciabl e

di fference between the crowd packing densities in'pens' 3 and 4; this is
confirmed by the close agreement obtai ned between the average val ues of the
four sanpl e counts nade for each 'pen'

SUMVARY AND CONCLUSI ONS

6.1 | used photographs supplied by West Mdlands Police, together with a
drawi ng prepared by Ral ph Brade & Associates, as the basis for ny assessnent
of the nunber of persons in parts of the West Terrace of Sheffield Wdnesday
Football Cub's H |llsborough Stadium | used the facilities provided by a
conput er - ai ded draughti ng systemto assist in identifying and counting the
nunber of persons within ' pens' on the West Terrace.

6.2 In making ny assessment | assuned that a crowd packing density in one
part of 'pen' 3 was reproduced i n another, adjacent part of it. Additionally, I
was unabl e to obtain an acceptably accurate count of the persons between the
front boundary wall and the nearest line of crush barriers in'pen' 3 by the
direct identification of heads on photographs. | therefore estimated the
nunber of persons in this area of 'pen' 3 fromconsiderations of the crowd
packing densities in other areas of the 'pen', together with results from an

i nvestigation of packing densities made on RLSD s premises. It is ny opinion,
based on a study of photographs of 'pens’ 3 and 4, that ny assunption and
estimationwere justified.

6.3 My best assessment of the nunmber of persons within'pen' 3 is that 1576
persons were present at 15.03 hours on 15 April 1989. It is ny opinion that
1576 persons is unlikely to be an overestinate of the true nunber. It
represents an average crowd packing density in'pen' 3 of 8. 4persons/sq m,
whi ch exceeds the maxi numval ue of 5.4 persons/sq mreconmrended in "CGuide To
Safety At Sports Gounds" (ref 1) by 56%

6.4 The crowd packing density within'pen 3 increased between the rear
boundary wal | and the line of crush barriers nearest to the front boundary

feiy 2|



wal | . My | owest assessment of the crowd packing density in'pen' 3 had an
average val ue of 7.5 persons/sq m this occurring in the area between the rear
boundary wall and the rearnost |ine of crush barriers. The hi ghest crowd
packing density that | was able to assess directly had an average val ue of
8.1 persons/sq m and this occurred in the area between the |ine of crush
barriers nearest the pitch and the next line of crush barriers. These crowd
packi ng densities exceed the nmaxi numval ue recormended in "CQuide To Safety A
Sports G ounds” by 39% and 50%-r especti vel y.

6.5 | assessed the average crowd packing density in'pen' 2 at 15.03 hours to
be of the order of 5 persons/sq m

6.6 | was unable to assess the nunber of persons in'pen' 4 by a direct
counting nethod and | used a technique that conpared the packing densities in
"pen' 4 with those in 'pen' 3. This conparison has caused me to concl ude that at
approxi mat el y 15. 00 hours the packing densities in'pens' 3 and 4 were nomnally
the sarre.



Table 1 Nunber of persons in'pen' 3 and their packing densities at
15.03 hours on 15 April 1989, based on photographs PR1/7A and

PR1/ 8A
Row No Nunber of persons O owd packing density
(persons/sq m
4 (Rear) 268 7.5
(Fig 8)
3 382 7.6
(Fig 7)
2 409 8.1
(Fig 6)
1(Front) 517 10. 0 (assuned)

1576 total 8. 4 nean val ue

Tabl e 2 Nunber of persons in "pens® 3 and 4 and their packingdensities
on 15 April989. based on photograph MPl A- 14

"pen' No Nunber of persons Area(sq n
‘pen’ 3 678 188
(Fig 2
"pen’ 4 821 192
(Fig 3
1499 (total) 380 (total)

Tabl e 3 Conparison of nunber of persons within sanpl e areas of the
sane size in'pens' 3 and 4

Nunber of persons within a sanple
area of the sanme size (see Fig 10)

‘pen' 3 'pen' 4
First conparison 44 56
Second conpari son 56 49
Third conpari son 45 51
Fourth conpari son 50 41
Mean compari son 48. 75 z-»é-zé
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PEN 2

DIGITISED DRAWING OF PHOTOGRAPHS PR1-7A & PR1-8A

HEADCOUNT — 1419
PHOTOGRAPHS TAKEN 15.03

FIG 1

BASED ON
RLSD SHT PR178A/PP1131
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DIGITISED DRAWING OF HUEOHOOWPWH MP1A-14
SHOWING RAISED 1ST BARRIER & PEN DIVIDING FENCES

OCCUPANTS OF PEN 4 SHOWN
(NB ESTIMATED CROWD — 84 OCCUPANTS — SHOWN HATCHED)
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PEN 2

DIGITISED DRAWING OF PHOTOGRAPHS PR1—-7A & PR1-8A
OCCUPANTS OF PEN 2 DELETED

HEADCOUNT — 1074
PHOTOGRAPHS TAKEN 15.03

FIG 4

BASED ON
RLSD SHT PR178B/PP1131




DIGITISED DRAWING OF PHOTOGRAPHS PR1-7A & PR1-8A
SUPERIMPOSED ON
DIGITISED DRAWING OF PHOTOGRAPHS PR10A-2 TO PR10A-5, SCALED ETC TO MATCH

OCCUPANTS OF PEN 3 SHOWN
(NB ESTIMATED CROWD — 334 OCCUPANTS — SHOWN HATCHED)

PERIMETER OF PR1-7A/PR1-84 1

PEN 4

HEADCOUNT - 1408

PHOTOGRAPHS TAKEN 15.03

FIG o

BASED ON
RLSD SHT PEN3/PP1131




DIGITISED DRAWING OF PHOTOGRAPHS PR1-7A & PR1-8A
SUPERIMPOSED ON
DIGITISED DRAWING OF PHOTOGRAPHS PR10A-2 TO PR10A-5, SCALED ETC TO MATCH

PEN 3
OCCUPANTS OF ROW 2 ONLY SHOWN
(NB ESTIMATED CROWD — 118 OCCUPANTS — SHOWN HATCHED)

PERIMETER OF PR1-7A/PR1-8A \u\gll._

HEADCOUNT — 409

PHOTOGRAPHS TAKEN 15.03

FIG 6

BASED ON
RLSD SHT PR178E/PP1131



DIGITISED DRAWING OF PHOTOGRAPHS PR1-7A & PR1-8A
SUPERIMPOSED ON |
DIGITISED DRAWING OF PHOTOGRAPHS PR10A—2 TO PR10A-5, SCALED ETC TO MATCH

PEN 3
OCCUPANTS OF ROW 3 ONLY SHOWN
(NB ESTIMATED CROWD — 60 OCCUPANTS — SHOWN HATCHED)

PERIMETER OF PR1-TA/PR1-8A

HEADCOUNT — 382

PHOTOGRAPHS TAKEN 15.03

FIG 7

BASED ON
RLSD SET PR178D/PP1131




DIGITISED DRAWING OF PHOTOGRAPHS PR1-7A & PR1-8A
SUPERIMPOSED ON
DIGITISED DRAWING OF PHOTOGRAPHS PR10A-2 TO PR10A-5, SCALED ETC TO MATCH

PEN 3
OCCUPANTS OF ROW 4 ONLY SHOWN

PERIMETER OF PE1-7A/FR1-84 [ |

HEADCOUNT - 268

PHOTOGRAPHS TAKEN 15.03

FIG 8

BASED ON
RLSD SET PR178C/PP11%




DIGITISED DRAWING OF PHOTOGRAPHS PR1-7A & PR1-8A
SUPERIMPOSED ON
DIGITISED DRAWING OF PHOTOGRAPHS PR10A-2 TO PR10A-5, SCALED ETC TO MATCH

PEN 2
OCCUPANTS OF FRONT TO BACK SLICE AS SHOWN

PERIMETER OF PR1—~7A/PR1-84

PEN 4

HEADCOUNT — 150

PHOTOGRAPHS TAKEN 15.03

FIG 9

BASED ON
RLSD SET PRi78F/PP1131




DIGITISED DRAWINGS OF PHOTOGRAPHS 148.3
CROWD DENSITIES IN PENS 3 & 4

COMPARING

T

1

-

HATCHED AREA HEADCOUNT

PEN 3 - 44
PEN 4 - 56
PEN 3 - 56
PEN 4 - 49
PEN 3 —~ 45
PEN 4 - 51
PEN 3 - 50
PEN 4 - 41

AVERAGE HATCHED AREA COUNTS

PEN 3 — 48.75

PEN 4 — 49.25 FIC 10

B4SED ON
RLSD SHT P1483E,/PP1131




