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FOHlARD 

The altirneter processing instructions were intended for use by 
staff of the Supplernentary Control Section, Geodetic Survey Division, 
using a HP9830A desk-tcp computer with 16K rnerrory and the "Basic" 
prograrn "Altirneter Processing", written cy Peter Lawnikanis in 1978. 
Therefore, it is assurned that the user of these instructions is · 
farniliar with this computer and prograrn. For these who are rot, the 
follONing still provides a wealth of information on field procedures, 
data processing and accuracy evaluation of altirneter surveys. 
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1. PREPARATION 

l. l Assembling the Da ta 

Determine the area to be adjusted. Locate and assemble all field 
data including: field notes (altimeter, spirit levels & other 
related special surveys); base barorneter notes and graphs; field 
computations; relevant rre.ps, aerial photographs and any other 
pertinent informa.tien ( ie. altimeter calibration graphs). Check 
to ensure that all rotes are included and that ro information is 
rnissing. (This is best done using rcaps, with pens of different 
colors to "color in" the altirneter lines on the rre.p according to 
ha-, they appear in the notes). This rnethod also facilitates easy 
reference to rre.p or rotes later on, while processing. 

Field rotes rust be prepared for input to a cassette storage 
tape. This usually involves scaling the straight line distance 
between control feints and calculating a "srroothed" gradient 
correction. This datais then entered in appropriate colurnns on 
the field sheets and the datais ready for input. 

1.2 Preparing the Program 

Begin cy placing the prograrn tape in the HP9830. Load the 
prograrn by keying the sequence: "f.DAD X", "EXECtJrE" and then 
"RUN" "EXECtJrE" (Where X is the file # where prograrn resides). 
The program is nav in rreoory. It will flash a reminder for you 
to set the Line Printer to the tep of the page. After ooing so, 
press "END". Yoo will na-, change the HEADER whic:h is stored in 
the nain prograrn. Note that allowable field length for input of 
header information is the length of the display. Characters 
beyond this length will be truncated. Changes rust be invoked cy 
Unes numbers (eac:h individual change must be terminated by the 
"END-OF-LINE" key) • '"When the final header is changea to the 
appropriate job narœ press "END-OF-LINE", "END", "INITIALIZE", 
"CCNTINUE 140", "EXECUTE". Nav you rust write this version of 
the program on a new tape (especially for this project) by: 

(a) - Marking the file lengths on the new tape. 
(b) - storing the program en tape. 

To rre.r:k the files simply rewind the blank tape to the beginning. 
Key in: "MARK 1, 20", "EXECUTE"; "MARK 1, 500", "EXECUTE"; "MARK 
1, 3000", "EXECUTE"; "MARK 1, 500", "EXECUTE". Rernember to wait 
between eac:h EXECUTE comrand for keyboard control. 

Rewind the tape to the beginning and key in: "STORE l" , 
"EXECUTE"; and, when control returns: "STORE KEY 2" "EXECUTE". 
The altimeter program is successfully stored on the cassette 
tape (ensure that write-enable tabs are cbm). Appendix A gives 
a sanple of Header Changes. 

'ARernernber to change the f.DAD KEY staterrent to "LOAD KEY 2", 
retaining the sarre line number. 
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2. ENI'ERING a\TA 

2.1 Input 

Place the altimeter processing terrplate around the Function Keys 
and depress the Key narked "INPUT". The display will ask 
"TEMPERATURE °C or °F". "EXECUTE" the appropriate letter. Next, 
ENTER the appropria te header information: "D\TE", "EXECUTE"; 
"MAP", "EXECllrE"; "LINE", "EXECUTE"; "OBSERVER", "EXECUTE". Then 
"EXECUTE" a zero to terminate header input. This input will 
start over if anything else is entered. 

After terrninating header input the prograrn will request that you 
input each line of data in the following order: "FOINT, TIME, 
TEMP, DISTANCE, ALT #1, ALT #2, ALT #3, & GRADIENI' CORRECTIOO". 

These can be input in a string, separated by corrrnas, or input 
individually. After each line of data is entered the display 
asks for another line, and so on. When all data has been 
entered, termina te input by ente ring a string of all zero' s. 
This must te doœ to exit the input routine. 

When entering station identifiers use numeric values only. 
Station numbers in the range 1000. 00 to 9999. 99 are used for 
control stations and values belav 1000. 00 for al timetric ( new) 
p::,ints. 

Care rrust te exercised when entering distances. If there are two 
consecuti ve readings at one station the sarre distance cannot be 
entered twice in a rr:,,,. This is a program rug (the program will 
not accept a zero distance difference between two sucessive 
p::,ints ) • This problem can te circumvented by adding +o. 01 to the 
second distance (note: this will cause oo change in the results, 
l:x.Jt it will ensure that you get them) • 

2.2 Storing the Data on Tape 

Verify the input. If all input is oorrect, then the edit rrode 
can te exited and the ''WRITE" rrode entered by "EXECllrING" a 
zero. If you require oorrections, then the appropriate line #'s 
should te executed. 

When in the ''WRITE" rrode, enter the tape # and file # oo which 
you wish to place the data ( ie. "1, 5", "EXECllrE" ) • The tape 
drive will advance to that sp::,t on the tape. The display will 
sha-1 "WRITING TIi.FE 1, FILE 5?". In order to oomplete the writing 
process yoo must press: "CONTINUE", "EXECUTE". 

N<JI'E: All data must te written oo odd numbered files; ie. 5, 7, 
9, 11, 13, etc. This is tecause the file length is 
variable and the length of each file is recorded (with the 
header information) in the even numbered file preceeding 
it. 
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Refer to figure l for a description of file storage. 

File No. 

$ 
Odd files 

Even files 

11 12 13 14 15 

~ 
fixed length; contain the size of the 
following file. 

variable length; contain the survey data. 

FIGURE 1: Storage Files 

2.3 Rewriting Files 

Files may te rewritten without destroying those before and after 
its storage location only if the following instructions are 
folla.ved. 

a) No rrore than one line may be added to the original data set. 
("n" can only be increased ~ a rraximum of 1). 

b) 'i~en writing, a œgative sign rrust be placed in front of the 
file number. (This prevents the program fran marking the next 
file, since it is already rrarked and it oontains the file 
length of the data file which it preceeds.) 

When a comnand is entered to execute a WRITE (or READ) file 11 
(for example) the prograrn will first WRITE (or RFAD) file li with 
information concerning t..11e arrount of data ( length) on file 12. 
In the case of a v-HUTE stateiœnt it will normally then wri te file 
12 am mark a blank file 13. This is useful when yoo ask it to 
wri te file 13 . I t will t:hen go to file 13 whereupon i t will 
mark the file size of file 14, etc. If file 13 had not been 
marked at all, further use of the tape for data storage \\Ollld 
have been i:rrpaired . When yoo are rewriting an existing file in 
the middle of a series, the use of the negative sign prevents 
destruction of information which for exarrple might have been 
stored in file 13. (REFER to figure 2). 
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11 12 13 14 15 16 17 
i§ ~ §l §~ WRI TE ( 1, -11) 

11 12 13 15 16 17 
i §$j 1 l § § ~ 

1:lRI TE ( 1, 11) 

File 13 is re-marked the same length as file 12, 
destroying file 14 in the process. 

FIGURE 2: Rewriting File 11 

2.4 Editing Data 

When the EDIT key is accessed, you will te gi ven the cptions: 
"COO, REP, OVL, MRG, INS, IST, END". These options are: 

a) CCN - this rœan.s "CONTINUE" .•• it allows the user to continue 
adding to the file, as rrany lines at a tirœ as are 
required without the need of starting over fran the 
beginning. (IDI'E: this file cannot te rewritten in the 
sarœ file spaœ if rrore than one lire is added.) 

b) OVL - this is an "OVERIAP" staterœnt. It allows the user to 
rerrove any chosen line wi thout adversely ef f ecting the 
remaining data. ( It is used to negate the effect of 
large tiine gaps tetween readings at a comron i;:oint.) 
(i.e., if stopped for gas, the pressure will change. 
The d:served readings at the start and end of the delay 
can te used to shift all subsequent data as if ro delay 
had occurred ~ Use of this cption is also ref erred to as 
"rerroving overlaps".) 

c) MRG - this is a "MERGE" staterœnt. It perrnits yœ to connect 
two files which were entered separately, but were 
actually run consecutively in the field. 

d) INS - this is an "INSERI"' staterœnt. It enables the user to 
add cne single line to the desired file. The line can 
te added anywhere it is desired. 

e) rsr - "LISTS" the file currently in rœrrocy. 

f) END - "EXITS" the EDIT subprogram key. 

g) REP - This allows yoo. to "REPEAT" the entry for any chosen 
line sirrply by entering the d:servation #. This is 
useful to correct erroneuous data already entered. 
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2.5 Verification of Data 

Once the input of a data set has œen completed, the cperator 
should list the file on the printer. Further checks will be 
necessary to ensure detection of any transcription errors. The 
hard copy will aid in this verification process. 

Once an errer has been discovered the operator must: 

a) Read the file fran the data tape into the HP9830 rœrrory. 

b) Press "EDIT" key to obtain access to the six individual 
editing subroutines. 

c) Select the appropriate cption. 

For example, if there is a simple transcription error 
affecting one line, you can retype the line t1/ foll<Ming these 
steps: 

i) select "REP" for repeat and specify temperature used. 

ii) enter the appropriate line nurnber (refer to hard copy) 

iii) re-enter the complete, corrected line. 

iv) repeat steps ii) and iii) as often as required. 
v) When oorrections are corrmplete enter "0" (zero) to end 

edit "REP" routine. (*-A'NOI'E: this step is essential!) 

vi) Enter "E". This ends the subprogram. 

d) Press ''WRITE" key ... (rerœmber that the oorrection(s) you 
have made are not yet recorded on the permanent file) 

e) Enter the sarœ (Tape, File) as was read in s tep (a) , be ing 
sure to put a negative sign before the file nurnber 

3. DIAœüSTIC FIAŒ 

3.1 Checking Altirœter Readings 

The altirœtry program perforrrs a check on the three 
readings while computing a rœan value. When an inconsistency in 
reading diff erences is noted ( in excess of ten f eet) the prograrn 
generates a flag. This flag takes the forrn of a negati ve sign 
and is printed imrrediately to the left of the individual 
altirœter reading which is suspected to œ the ootlier. 
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3.2 Generating Flags 

There are t:wo separate ways in which the altimeter reading are 
checked against each other. In each case, the differences 
between each altimeter reading are checked for oonsistency. 
Figure 3 illustrates ho.,; this is done. 

ALT . #1 
(Reference Altimeter) 

ALT. #2 ALT. #3 

(Relative Differences) (Re lative Differences) 

6olo (20) 6060 (2 5) 60f5 
+ (-20) • (-2 5) 
t 

(-15) 
t 

6060 (15) 60~35 (3 5) - 6070 
• + ( 20) 

6oko 

( 25) 

60t60 

( 15) 

(20) (25) - 6ot5 

FIGURE 3: Generating Flags 

a) Method # 1: 

When the first line of information is input, the prograrn 
corrpares the three altimeter readings to each other to 
establish their relative differences. 'Ihe second altiiœter 
reading is used as a ref erence for these conparisons. For 
each successive line of input this oomparison is repeated. 
The relative difference should te consistent (within 10 
feet). If there should happen to te an inconsistency greater 
than or equal to ten f eet the suspected reading will te 
flagged. 

b) Method # 2: 

Because evecy altiiœtric point is rorrnally at a different 
elevation, the individual altimeter readings will increase or 
decrease according to the relative shift in elevation. Should 
ore of the shifts differ fran the other two ~ ten feet or 
rrore, then a flag will te placed teside that reading. 

3.3 Investigating Flags 

When a flag appears, the program is sirrply bringing to our 
attention those readings which are inconsistent. We irrmediately 
knc,..; that the discrepency is ten feet or oore. As part of the 
verification process the q:,erator rrust dleck into these flags. 

i) Calculate the spread which generated the flag. (Use "RAW" 
data ... field notes) 
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ii) Determine if the inconsistency is a gross reading error or 
due to incorrect input. 

iii) If it is a gross errer and it cannot œ resolved then the 
point or individual altimeter reading must œ omitted and 
this information rrust œ roted in the final results. 

iv) If it is rot a gross error then indicate on the printout 
that i t has been checked and corrected, if necessary. 
Please rote that when altirnetry is run with 16 000 foot 
altirneters the disagreement should be at least 20-25 feet 
before rejection is oonsidered. 

4 • PKX:ESSING THE Dl\TA 

4.1 Preparation 

Check the comrrents colwm of the field sheets for pertinent 
information. For exarople, have any oontrol points teen observed 
outside the helicopter?; al:x:>ve or bel& the statioo narker? 

If the answer to either of these questions is "yes", then the 
appropriate oorrection rrust œ calculated and applied to the 
control elevation. 

ie. If reading was taken 3 f eet above the survey narker then the 
- known elevation should be increased cy 3 feet. 

4.2 Adjusting a Traverse 

Al ti.rreter points which have known elevations are ref erred to as 
control points. When an adjustment is being performed these 
oontrol points can be assigned elevations (constrained). 

The adjustment program recognizes oontrol points as any station 
number in the range 1000 to 9999. As these numbers are 
encountered in the adjustment, the program will allow a f ixed 
elevation to œ assigned to these points, if desired. 

The steps to œ followed in adjusting a file are: 

i) Read the file fran the data tape into the mem:n:y of the 
HP9830 ( if rot already in rrerrory) . 

ii) Press the f 2 adjustment key. 

iii) Enter the fixed elevation which oorresponds to the nurneric 
"STATION" narœ which appears on the screen. If that 
particular station is rot to œ held f ixed, then enter a 
"-99" instead of a fixed elevation. 

i v) Repeat Step ( iii) as each control point is located and 
displayed. When the last oontrol point has œen dealt with, 
the adjustrnent is perforrned. 
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As a check, a "free" adjustment should be run. That is, only 
the start and end control points are held fixed . Any 
intermediate control stations are allowed to nove freely. The resultant altimetric elevation for these control stations can be 
corrpared to the known elevations, as a rough check. 

A final adjustment is performed by constraining all known control 
points. 

Once a final adjustment has been oomputed, for each file, all 
corrmon values for aey points should be meaned. Values whidl were 
obtained for the same i;:oint by us i ng dif ferent control stations 
should be weighted before being meaned. The weights should be 
based oo the proxirnity to the œarest control i;:oint used to 
derive that value. That is, weights are based on the inverse of the distance to the œarest control i;:oint. 

Cl (Üne 2) 
0 

2-1 2-3 2-1 
c4 

c2 
1. 5 

c3 ( line 1) 

FIGURE 4: Weighted Mean Elevations 

Referring to figure 4, point 1-2 is scaled to the nearest control 
point oo line l and line 2. The distance along Line l is twice 
the distance along Line 2. The nearer the control point the 
greater its influence over the a:xnputed elevation for point 1-2. 

The weighted rrean elevation of i;:oint 1-2 will rormally be given by: 

Wgtd. Mean Elev. = 
~lev. 1 

\ 1.5 
+ 

precise. That is, both are observed under sirnilar conditions and 
residual corrections for each line are ab:>ut the same. Also, it 
is assumed that the control points in eadl case are equally correct. 

When there is saœ evidence as to ooe line teing rrore precise than another, then this must te ref lected in the choice of 
weights. Often it is œcessary for the c:perator to assign 
errpirical weights, based on his experienœ of altirneter traversing. 
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5. ANALYSIN'.i 'IHE RESUL'l'S 

5.1 Post-Adjustrnent 

Once again, check the comments column to determine if any 
altimetric FOints (non-control) have been cbserved ootside the 
helicopter or above or bela.v the station marker. 

If the answer to either question is "yes" then apply the 
appropriate correction to the final altimetric value. 

ie. If a reading was taken aoove an altimetric çoint cy 3 feet, 
then the computed elevation is 3 feet too high and must be 
decreased cy 3 feet. 

Readings taken ootside of the helicopter are oorrected on the 
basis of information supplied cy the field observer. Numerous 
sets of oonsecutive readings are usually taken inside and ootside 
the helicopter to establish the "venturi" correction. The 
difference between these is oomputed and rœaned. 'Ihis rœan value 
will be the standard average correction factor which should be 
applied in these cases. Rerœmber, , if the reading was taken on a 
control point, then apply the correction to the known elevation 
before adjustrnent. If the reading is taken on an altimetric 
point ( non-control), then apply the correction to the final 
adjusted elevation. 

5.2 Statistical Analysis 

An estimate of the quality of the altimetric results is based on 
a standard deviation ccmnputed from the forrrula: 

/-
I ( dif f erences 2 ) 

s.d = _ 
(i of differences - 1) 

Every FOint for which we have two or nore altirretrically derived 
elevations provides a difference. 

a) 'I\,,io values are subtracted from each other to give one 
difference. 

b) 'Ihree or more values are subtracted from their rrean to yield 
the sarœ number of differences. 



APPENDIX A 

Header Changes 

There are two types of header: one is a program header, the 
other is a line or traverse header. The first type is written into 
the prograrn and is printed at the tep of each page of output. The 
second type is entered with the traverse data and is stored on the 
odd-numbered file associated with each altirœter line. This appendix 
illustrates hCM to dlange the program header. 

Appendix F provides a complete program listing. Referring to the 
first page of that listing, we see line 210 as: 

210 H$= 11NJR'IH OC MAPPIN:; - 339315 - ROY CHEWPA" 

This shows that the string identified as H$ contains the name of 
the project, the CPC rurnber and the field officer in dlarge. To 
change this header for a new project headed by John I):)e, called Ottawa 
Mapping and having a CPC rurnber of 333999, then the following steps 
are performed; 

a) Load the prograrn (refer to section 1.2) 

b) key in: 
210 H$ = "Ottawa Mapping - 333999 
The punctuation is inportant, 
characters is arbitrary. 

- Jd:m Coe" 
but the spaces between 

c) Press the "END œ LINE" key. The revised header is rt::M in 
rœmory. 

d) Store the revised prograrn on a new tape prepared for this 
project. 

Note that staterœnt 130 is "IDAD KEY 2". This assurœs that the 
main program is stored on file 1. If, for soma reason, it is decided 
to store the rrain prograrn on -any other file, sa.y file 10, then this 
statement rrust l:e altered to "130 IDAD KEY 11". This change must be 
made prior to loading the program. 

When running the revised program (after storing) it is always a 
good practiœ to first execute the sequence. 

"INIT", "EXECUTE", "CONTINUE 140", "EXECUTE". 

The program is nc,.., ready for processing. 

• 



APPENDIX B 

Processing Output 

Attached are three pages of printer output. These represent the 
normal processing of an altirreter line. Note that station numbers are 
strictly nurneric. A cross-referenœ index must also te prepared to 
relate these rumbers to oorrect station 11a1œs. Of ten, the oorrect 
narre is written over the printer output. 

First page: This is a listing of the traverse data 

- the first line is the storage tape and file numbers 
- the second line is the project header 
- the third line is the traverse header 

the traverse data follows; for each station there is an 
observed tirne, temperature ( in °F and °C) , scaled dis tance f rom 
the starting roint, scaled gradient oorrection (taken from base 
al tirneter graphs ) , the three al tirneter readings and the rnean 
altirœter reading. These readings are in feet. On the far 
right, the knCMn elevation is entered by hand ( in rnetres ! ) . 
Note that observations 14 and 15 are at the sarne station. A 
delay of 9 minutes occured here, and normally this overlap is 
rerroved in processing. The input distance for observation 15 
was actually "4 7. 51". ( Only one decirnal place is printed) . 
Thus, the distance difference tetween roints 14 and 15 is rot 
zero. If it were, an error termination of the prograrn woold 
occur. 

At the errl of the 
by hand, to ensure 
neglected. 

listing, all pertinent notes are entered 
that appropriate oorrections are rot 

Second page: This is a "free adjustrœnt" · where · only the errl points 
are held fixed, and the interrœdiate a:xrputed roints are 
conpared to the knCh/n. The tep of the page shOw'S the 
observation number, station number and f ixed elevation 
for eadl point. The output lists eadl station nurnber, 
the gradient oorrection, a terrperature oorrection (T.C.) 
and the residual correction (R.C.) a linear distribution 
of the misclosure error. 
Usually, the knCMn elevations and differences are 
written in oo the page. 

Third page: This is the final adjustrœnt, where all knCMn roints 
(whose elevations are considered to te control for 
altirreter traverses) are held fixed. The stations fixed 
are noted, as are the corrections due to offsets. Note 
that the oomputed elevation is listed in feet (to the 
nearest foot) arrl metres ( to the nearest O .1 metre ) • 
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APPENDIX C 

Weighted Mean Elevations 

The following page shows the form used to list computed 
elevations and scaled weights for a comrron station, as well as the 
weighted mean elevation and dif ferences to eac:h computed elevation. 
Corrputations are oone on the forrn. Note that the weight is inversely 
proportional to the distance to the nearest control point. The 
assurrption is that altimeter accuracy decreases with increasing 
distance fran a control point. The differences (~ - X) are normally 

l 
less than 3.0 metres. Differences greater than 5 metres are suspect, 
and the data involved rust be thoroughly checked. Normally, 
differences greater than three tirœs the expected overall accuracy can 
be considered as a.itliers. Ho,,,ever, care rrust be taken to ensure that 
rejection.s are made for valid reason.s arrl not just to make the results 
look better. 
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APPENDIX D 

Helicopter/Ground Corrections 

Norrnally, all observations are made fran wi thin the helicopter, 
and the conditions at each observing point are kept as consistent as 
possible. For exanple, three altirneters are read-in the sarœ place in 
the helic'opter each tirœ, and the helicopter rrain blade r. p. m' s are 
kept consistent. The pitcn of the blades is also kept consistently at 
zero. The idea is to rraintain the saiœ helicopter-induced pressure at 
eacn observation. When it is not possible to land directly on a 
station, the usual practice is to land nearby and estima.te or rœasure 
the offset to the station. Occasionally, it is rrore practical to read 
the altirœters œtside the helicopter. Before applying any offset 
correction, it is first necessary to apply a correcticn due to the 
helicopter effect. This calibration determined correction will be 
dependent on the type of helicopter, the blade conditions at 
observations (r.p.m. and pitch) and the location within the helicopter 
where the altimeters are read. The following page lists the 
calibration for a Bell 206B helicopter. Note that readings are taken 
throughout the project. 

As a point of interest, it has been found that calibrations for 
the Hughes 500 helicopter are rot consistent, and vary unacceptably. 
Therefore, this machine is not recomnended for altirnetric traversing. 



HELICOPI'ER 'ID GROUND CORRECTIONS - Bell 206B - 1979 

DATE TIME READING, IN FEET DIFF. 'IO GROUND, 
HELICOPI'ER GROUND rn FEET 

July 26 09:06 3657 3653 -4 
July 28 11:18 3649 3646 -3 
July 30 08:20 3663 3661 -2 
July 30 16:42 3731 3729 -2 
Aug. 5 08:06 3682 3677 -5 
Aug. 5 11:38 3453 3455 -2 
Aug. 5 16:30 3765 3761 -4 
Aug. 6 09:36 3681 3679 -2 
Aug. 6 10:15 3681 3676 -5 
Aug. 7 09:00 3602 3599 -3 
Aug. 7 19:02 3625 3625 0 
Aug. 9 08:27 3424 3417 -7 
Aug. 9 12:53 4785 4785 0 
Aug. 9 13:42 4795 4791 -4 
Aug. 9 17:04 2828 2827 -1 
Aug. 9 17:54 3524 3517 -7 
Aug. 10 18:01 3558 3554 -4 
Aug. 11 15:20 3595 3591 -4 
Aug. 20 12:05 3219 3211 -8 
Aug. 20 15:33 3299 3296 -3 
Aug. 20 19:54 3306 3301 -5 
Aug. 26 16:35 3306 3301 -5 
Aug. 26 18:20 3586 3584 -2 
Aug. 27 19:20 3728 3725 -3 
Aug. 28 5923 5919 -4 

n = 25 z = -81 

Mean= -3.2 feet 
(-1.0 rn) 



APPENDIX E 

Final Results 

The final results are submitted to the Data Services Section for 
apprc:çriate distribution. Attached is an exarrple of a oovering rœno 
which indicates the type of information submi tted. Note that the meno 
also specifies the estimated standard deviation of the project, 
If the project were divided into distinct areas arrl accuracy estima.tes 
conputed for each area, then these YA'.)Uld be specif ied. Also attached 
is an index which indicates the approximate outlire of the project in 
terms of the l: 250, 000 NI'S rrap sheets. A rough plot of indi vidual 
traverses is also added to sha.v the coverage involved. Finally, an 
exarnple of the final elevation listing is also attached. Note that 
for each point the correct identif i er is used and the information 
includes the rrap sheet oontaining the f()int, the processing line (s) 
containing the point, and the final elevaticn - in metres. 



~ . ~~ Governrnen GouvernfJmen l 
k1 ~,.~ o. Cé1nacJêl du Canaaa MEMORA f\l OU M NOT E D E SERVIC E 

! 7 secur.u rv . C~SSIFIC,H ION . DE SEC U R. I TE 

'] k't~ Mr. Lo rnc Pe lton 
o/ A/ Head 

L Data Services Section OUR FILE/NOTRE REFERENCE 

Steve Delahunt 

L 

_J 

7 

_J 

A- 7 Vo 1 urne 4 
voun FILE/VOTRE REFERENCE 

OAT'ë 

1980-04-02 

~~~~~c T ,ll.djusted Altimeter Elevations in Br i tish Columbia - 339315 

Please find the following attached: 

- Block diagram outlining the mapsheets covered by Roy Chewpa's 1979 
Altimeter Traverse; 

- Block diagram indicating the approximate position of each traverse line 
i n the 81 ock; 

- Eighteen (18) pages of listed elevations resulting from this adjustment. 

The altimeter points are listed in sequential order. The mapsheet, on 1vhich 
they appear, is given. For our purposes each point is referenced toits data 
storage location on (Tape,File). Elevations for 346 points are attached. An 
estimated standard deviation of 2.2 metres was computed, based on 104 elevation 
comparisons. 

Please ensure that these results are fonvarded to Topographical Survey at the 

~ie~,Q~ 
S. Delahunt 
Supplementary Central Section 
G1iodeti c Survey of Canada 

Attach. 
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ADJUSTED ALTIMETER ELEVATIONS - BRITISH COLUMBIA - CHEWPA 1 79 
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Compiled April 1980 

MAPSHEET PRCX:ESS LINE 

94F 1,23 

94F 1, 23 

94F 1,23 

94F 1,19/1,21 

94F 1,19/1,21 

94F 1,19/1,21 

94F 1,19/1,21 

94F 1,19/1,21 

94F 1,19/1,21 

94F 1,19/1,21 

94F 1,19/1,21 

94K 1,19/1,21 
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94K 1,19/1,21 

94K 1,19/1,21 

94K 1,19/1,21 

94K 1,19/1,21 

.94K 1,19/1,21 

94K 1,19/1,21 

94K 1,19/1,21 

ELEVATION 
(metres) 

1113 .o 
788.9 

1620. 9 

1738.0 

1776.3 

1746.5 

1856.5 

2109.8 

1685.8 

2134.8 

1893.0 

1823. 9 

2059.0 

2251.l 

1704.2 

2226.5 

1832.3 

2195.8 

1815.2 

1988.9 



APPENDIX F 

Program Listing 

The follc:Mirig nine pages contain a listing of the processing 
program (1980 version). 'This program is written in BASIC for the 
HP9830. Several versions exist, but the dif ferences between versions 
are vecy minor, and usually involve ooly the I/0. 'The program 
consists of a small main routüie and twenty sub-routines, referred to 
as special fonctions. Function f 1 originally oontai ned an adjustrrent 
routine referred to as the "old method". This prograrn version has f 1 
replaced ~ a routine to oorrpute sea level elevations, based on tide 
predictions. 
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~.,.._;:_:i;....;.....L.-!.~~;.;._.:.:.",4.-------------- ------- ----------- 11 

ZI 140 I (~PU 'r 1' $ 
1..J.,..4-.h~~~.:-,...;.":....;-· -------- ----- t 
160 INPUT R$ ! 
170 DISP "HICaE~•t,ffAN , (,W; / r,nwr~R : MEA.\J . L8,G"; 
180 I NPUT A,d,C,D 
1~l---.l.~~_;_:_~....,_~.us.:.;L.:...-_;..------------------- - ----------
200 
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220 
2 30 

2ôu 

2ô0 

JÙÛ 

320 

340 
35\l 
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·r =u 

Z=V 
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iLH'lJ T S$ 
GO TO P1J S ('l?[lJJ , ::i $[l,lj) Of l1 CJ ,6 40 ,J4Q,J BQ , 1l6 0 , 66G , S8Q 
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l . rur pos8 of the Surve 

1 . 1 To provide the elevat ions req~i red for the compilat ion o f 1 : 50 , 000 s ca l e 

topographical maps . 

1 . 2 To pla ce t a r gets o n e xisting surve y stations. 

1 . 3 To establ i sh vertical tie s, by t rigonometrical leve lling, between e xisting 

trigonometric (trig . ) sta tio n s a nd spirit levels. 

2 . Location of Survey 

2 .1 Area 1 - Southern Yukon Lat 60° to 6 1°3 0 ' 
0 0 Long 130 to 135 

Lat 62°30 ' to 64° 
0 0 Long 133 30' to 134 

2.2 Area 2 - Yuko n, east of Maye 

2 . 3 Are a 3 - N.W.T., northeast of Mc Milla n Pass La t 6 4° 
Long 128° to 130° 

3. Time of Surve y 

This project should be undertaken during July and August when the snow h a s d is

a ppeared from the mountains or is a t a minimum. This is the only time t hat 

sui table identifica tion of the control points on the aerial p hotos is possible. 

4 . Type and Exte n t of Wo rk 

4.1 Area l - Altimeter Traversing - Approximately 1250 km of altimeter traverse 

will be required to establish some 130 elevations. 

- Control Elevations for Altimeter Traversing - about forty central 

elevations will be required . These will be established bytrigono

metric levelling methods from existing trig. and spirit level elevatio~s 

- Vertical Ties - seven vertical ties, by trig.methods, between 

exist ing trig .and spirit level elevations. 

4.2 Area 2 - Altimeter Traversing - Approximately 250 km of altimeter traverse 

will be required ta establish some 26 elevations. 

Control Elevations for Altimeter Traversing - about six control 

elevations will be required. These will be established by trig• 

methods from existing trig .elevations. 

- Targets - targets to be placed on two existing trig-stations. 

4.3 Area 3 - Vert ical Tie - one vertical tie by trig.methods, between existing 

trig.and spirit l evel elevations. 

- Targets - a target to be placed on one e xisting trig.station. 
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5. General Information 

5.1 Altimeter Traversing - The elevations required f o r t he compilation o f 

Topographica l Maps will be es tabl1shed by traversing with altimeters, 

using a helicopter for transportation. The points where elevations 

are required will be indi c ated on map s and aerial photographs and have 

been picked in an effort to satisfy a nurnber of conditions: 

that the point appears suitable for landing a helicopter; 

that the point be located o n the comrnon overlap between two lines 

of aerial p hotographs ; 

that the points be photogrammetrically suitable; (see page 11) 

that the var iation in the elevations of the points between control 

elevations be as small as possible; 

t hat the points are situat ed as nearly as possible in a straight 

line between control elevations. 

The 7000 foot Wallace & Tiernan altimeters s hou l d be used on those 

traverses where the elevation of the points is not expected to exceed 

6000feet . If any traverse points are expected t o have elevations 

higher than 6000 fee t, the 16000 foot altimeters must be used on the 

complete traverse (between control elevations) . 

All new ve rtica l control points must be accurately identified on the 

aerial photography, with a check on this identification to be pro

vided by oblique polaroid pictures. 

All altimeter traverses will be run twice , but t he two runs will not 

be made o n the same d ay. If the standard deviation of elevation 

d if ference s between the two runs exceeds 2 metres and/ or if weather 

conditions were not good, the project inspector will have the authority 

to request that the line be run again until t he final results are 

considered to be satisfactory. Past e xperie:1ce has shown that up to 

25 % of altimeter traverses may have to b e rerun - general l y due to 

unstable weather con ditions. 

Progress along an altimeter traverse should be a t least 50 km per 

helicopter flying hour. 
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Vert i cal points, to be used as control for the traverse lines , are 

required at the ends of each line . These control points may be 

existing trig(of suitable accuracy) or s p irit level e levat i ons or 

new points e stablished by trig.methods from these elevations. If 

no e levationsexist in the general area where a control point is 

required , a vertical trig. traverse will have to be run. 

Additional control points are required at in tervals of 40 to 50 km 

a long the trave rse lines . These control points may be similar to 

those at the ends of the lines or may be estab lis hed by al time ter 

tie lines run more or less pe r pendicular to the traverse lines. 

Wi t hin t he area where a vertical control point is requiredr the e leva 

tion should be established on flat ground, a low point , a high point , 

top of hill, saddle , etc . These points are not t o be monumented on 

the g r ound but a temporary marker i s require d to be certain tha t the 

same point is used o n the second or subsequent runs. 

Forms will be supplied (along with sample notes showing the format 

to be followed) on which to record the traverse data . 

It will be the responsibility of the contracter to compute elevations 

for each of the altimeter points . Computation forms and sample com

putations will be supplied. 

See " Not es on Altimete r Traversing". 

5.2 Control Elevations for Altimeter Traverses must be located, .as 

nearly as possible, at the average elevation of the points on the traverse. 

Exis ting trig or spirit level elevations may sometimes be used directly but 

it will usually be necessary to transfer these elevations,by trig.methods, to 

a more suitable location. The determination of the elevation of a new 

vertical trig control point requires the measurement of simultaneous ve r t ica l 

angles and a slope distance from each end of the line. 

5 . 2.1 Vertical angles must be measured simultaneously from both ends o f the line 

using a Wild T2,Kern DKM2A or equivalent. At least three sets of angles 

must be measured from each end of the line, a setconsisting of one direct and 

one reverse painting. I f the spread of the means of the three sets, at either 

end, is greater than 10 seconds, an additional three sets of simultaneous 

reciprocal vertical angles must be measured. 



5 . 2 . 2 Slope distanc8 may be measured by a Te llurometer MRAJ , CA lO OO or equivalent but 

a complete set of fine readings will not be requ ired. A coarse reading near 

each e nd of the fre quency scale with a fine reading near the middle of the fre 

quency scale will be sufficie nt. However, an inde pe ndent measurement must be 

made fro m each end of the line. Distance between stations should not exceed 

15 kilometres. Instrument and target heights to be measured and recorded in 

feet and meters. 

5 . 2.3 Meteorologi cal readings - only one set of met. readings is required at each 

station (atmospheric p r e ssure, wet and dry bulb t e mpe ratures) and can be 

t aken e ither before or after the distance measurement. The barome ter must be 

calib rated and must have an absolute accuracy of ± 15 metres. Each pair of 

thermomete rs (wet and dry bulb) must be rnatched and temperatures must be 

recorded to the nearest tenth of a degree. 

5.3 Photo Identification of Control Points 

5.4 

Points at whi ch elevations are established by altimetric traversing or by trig . 

methods must be marked on the aerial photography with the station number and 

a circle made with a grease pencil along with a brief written description (high 

point - top of hill - low point-saddle-lake-etc.) and possibly a "pin prick" 

depending on the terrain. This identi fication must be substantiated by not 

less than two oblique polaroid pictures with the location and number of t he 

control p oi nt clearly marked on them. These pictures should be taken from the 

hel icopter during the approach to the station or after takeoff and at a distance 

of l to 10 km from the station. They sho uld contain sufficient detail to permit 

a positive identification of the point. 

Ve rtical Ties 

Generally the measurements are similar to those described in Section 5.2 -

"Control Ele vations for Altimeter Traverses", with the possible addition 

of s o me spirit level ling . Because the existing spirit level elevations may 

be in locations that are difficult to reach by trig. methods, a combination 

of vertical trig. measurernents a nd spirit levels may be needed to make the 

required vertical ties. 

There must be sufficient redundant measurements (bath trig . and s pirit 

l evel) to provide a check on the work. 

Spirit levelling must be done to third o rder specifications, using 

instruments and procedures as indicated in "Specifi c ations and Recommenda

tions for Control Surveys and Survey Markers", EMR 1978. 



- 5 -

S.5 Targe t s 

As t he first s tep in obtaining i dentification pho tos of the three req uired 

existing trig . stat i ons , suitable targets must be pl a ced at t he se s tatio ns. 

Ta rgets must be p laced in one of the followin g distinctive shapes: 

A. + 
Each panel of t h e target is to be 5 me tres in len g th. 

Whi te c o tton o r white p lastic material will be supplied . 

Targe ts must be f irmly a nc ho red and remain i n posi tio n until i d entifica

t ion pho tos can be t aken (one d a y t o a few wee ks , depe ndi ng o n weathe r 

cond i tio ns , etc.) 

The contractor will no t be required to take t he iden ti f i cation pictures . 

5. 6 Final altime t er e levation s are to have an accuracy of 3 metre s or l es s at the one 

standard deviatio11 l evel with respect t o the ~eare s t cont r ol points. 
6. 

7 . 

Materials and Information to be P r ovir.ed t o the Con tractor Wi t hout Charge 

Ma p s: An a d equate number of c o p ies of each map of the survey area at a 

scale of 1:250, 000 . 

Surve y notes: The note books or forms on which to record the data o btained 

from each t ype o f s u rvey - altimeter traverse , vertical angles, and 

distances. 

Aerial Photographs: Coverag e of all areas where pho t ographs are requireà 

to perform the work. 

Coordinates and descriptions (where available) of all existing control 

that might be used. 

Alt imeters: Nine Wallace and Tiernan altimeters with calibration graphs 

(5 - 7000 foot altimeters and 4 - 16,000 f oot altimeters). (These 

altimeters must be returned promptly to Geodetic Survey on completion 

of the project) . 

Target material: the required white cotton or whi t e plastic sheets will 

be provided . 

A copy of the current "Te rritorial Land Use Regulatio ns ". 

Materials, Equipment and Instruments to be Provided by the Contracter 

All materials, equipment and instruments, except those incluàed in " 6 " 

are to be p r ovided by the Contrac t e r . 
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8 . Territorial Land Use Regulations 

An application for a permit under these Regulations must be made by t h e 

Contractor . 

Contracter i s to supply the required details, Eor a p ermit, as they become 

known. 

The Contractor a nd not the Project Authority will be responsible for 

satisfying all the a pplicable provisions of the Territorial Land Use 

Regulations. 

9. Computations 

1 0 . 

The field party must have the knowledge and c omputer capability to do 

the following: 

apply meteorological and instrument calib r a tion corrections to the 

measured slope distances; 

de termine t he elevations of control stations establ i shed by trig . methods; 

determine the elevation difference between trig.elevations and spirit 

levels that will be tied together vertically. 

The Project Inspecter will be available, during the period of the field 

survey work, to e va luate the survey âata and computations and to accep t 

or to rej ect the results. 

Survey Returns 

- All o rig inal su r vey no te s and a ll c omputa tions must be sent by registereâ 

mail to Geodetic Survey within three weeks of the completion of the field 

work. As insurance against loss, a copy or abstract of the survey notes 

must be held by the Contracter. 

-Aerial photographs and the polaroid pictures, taken as confirmation of 

the identification of the vertical points, are to be s en t to Geodetic 

Survey with the Project Report. 

11 . ProjectReportby Contracter 

A general report must be provided by the Con tractor to the Geodetic Project 

Officer with in three weeks of the completion of the field work . The 

following information is to be included in the report: 



- 7 -

a) a general description of the project, project area, field procedures, 

personnel (including the names and classifications of the various 

personnel and the nurnber of calendar man-days each worked on the project) 

b) a daily diar y of all significant events that occurred in the execution 

of the contract; 

c) a list of survey instruments used, including make s, models and serial 

nurnbers; 

d) survey instrument maintenance and calibration statements, including 

p hotocop i e s of calibration certificates; 

e) maps of the p roject area at a scale of 1 : 1,000,000 showi ng genera l ly 

the work that was done ; 

f) the paper on which this report is written should be approximately 

21.5 x 28 cm . The 1:1,000,000 maps are to be folded to this size also; 

g) a set of maps at a scale of 1:250,000 must also be provided, showing 

the location of all stations established or used, the traverse lines, 

trig. measurements and vertical ties. 



NOTES ON ALTIMETER TRAVERSI NG 

Supplementary Contro l Section- Geodetic Survey 

Ge neral 

A he licopter will be used for transportation (Hughes 500 D not acceptable) . 

Suitable control eleva tions must be available or e stablished before the altimeter 

traverse i s run . It is preferable if the he l icopter c a n land directly on the s e 

control po ints. 

Altimeter traverses should be run as rapid l y as possible and in a s s t raight 

a line as possible be t wee n points of known e l evation, with time, temperature 

and altimeter readings r ecorded at each point where a n e l e vat i on is r equired . 

All traverses must be run twice , not on the same day . Care must be taken to 

be ce rtain that the s a me poin ts a re used on each run. 

Trave rsing in mountainous terrain will be speeded up by having two men 

in the helicopter - one to read and record altimeters, temperature and t i me, 

the o ther to navigate, photo identify the points and mark the spot for sub

sequent runs. 

General Procedur e for Altimeter Trave rsing 

1. Take polaroid p ictures of selected point from a dis tance of 1-10 krrt. 

2. Read and r ecord air temperature before l a ndin g (abou t 1 5 metres a bove 

g r o und.) . 

3. Land on point where elevation is required. 

4 . Reduce blade pitch to zero. Rotor RPM to be constant at all points. 

5. After a few seconds (10-20) read and record altimeters (3) and time. 

6 . Identify point on mapping p hoto and on polaroid pictures. 

7 . Leave ma rk on g round to assure r ecovery of point o n subsequent traverse runs. 

8 . On leaving t he stati on, take additional polaro id pictures if original 

pict u res were not suitable. 

9 . Proceed to next stat i o n. 
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,\l timete rs 

Whe n traversing , a lways use thg average of three altimeters . These 

a ltimeters should be selected on t he basis o f calibration graph s , those with 

the most linear (and constant correction) graphs being used. 

The pointer on some altimeters rernains steady under t he vibrating condi

tions in a helicopter. Others oscil l ate so much that it is difficult to get 

an accurate reading and these should not be used. 

In the helicop ter , always take readings under similar conditions , i.e. 

no p itch on roto r blades and approximately the same rotor r.p.m. 

Tests should be made to determine the difference be tween suc h readings 

taken in the helicopter and r e adings take n at ground level with no effect w, \\ 
from the helicopter blades. This difference ~ . be needed when reading outside 

the hel icopter on a bench mark or trig . s t atio n . 

?ressure Grad ient 

The atmospheri c p r essure at any p oin t varies as t i me passes . In o r der 

to be abl e to correct the rov ing altimeter readings f o r this variatio n in 

pressure, it is nece ssary to read a "base barometer" (two altimeters s hould 

be us e d) every 15 minutes. A graph can be plotted of base barometer readings 

aga in s t t ime a nd the corrections t o t he roving altimeter readings can be 

obtained from this graph. If this g r aph is a straight line (or nearly so) 

traverse results should be good . If it is t ao er rati c , the traverse should 

be rerun under more stab le we a ther conditio ns . The base ba rometer should be 

located in the s ame area as the altimeter traverses being run. (At base camp. ) 

Wea ther 

Make a few general no t es on weather condit i ons . If the wi nd direction 
~n.,,....,l..l!.. 

suddenly changes by an appreciable amount, it is quite f,0-5~ that atmospheric 

conditions are unsuitable for altimeter trave rsing. 

Time 

The less time that e lapses while running between control points on an 

altimetertraverse, the less chance there will be of serious variations in 

atmospheric pressure. 

While traversing, if it is necessary to stop for such things as putting 

f uel in the he li copter , lunch, etc., a-lway:, make suchstopsat a point of known 

e levation (B . M. or trig . station). Take a reading when landing and another 

before J.eaving . 
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Direction 

Because of different atmospheric conditions in dif ferent are as, it is 

qu ite importan t t o run t he traverses as ~early as possi b le in a s traight 

line between control points . Never run a traverse as a loop, closing on the 

starting point, unless there is a known elevation at the other extremity. 

Temperature 

On a sunny day t he t emperature, as observe d close t o the g round, is 

usuall y i.: nrel iable rnd wi ll give a false correctio n when computing the traverse . 
• 

The t empe ra tu r e r e~uired i s tha t o f the free air with0 ut l oca l he a ting or 

cooling effe ct s . If a helicop ter is used for tra nsporta ti o n, read the 

t empe rature j ust be fo r e landing (abollt 15 me tre s above g round) . 

Results 

If a ltimeter t ra verses are run to the following specifications, the 
to 

resul ts should have a s t andard error of not more than 1 . 5 ~ two me tres and 

a maximum e rror of not more t han 5 me tres: 

not more than 100 km between control points; 

where control is s p aced 80 to 1 00 km apart, additional tie lines 

should be run to make the control spacing 40 to 50 km. These tie lines 

should be run twice but both run s should not be made on the same day; 

not more than~l50 m in e levation variation from the starting control point; 

three rov ing altimeters be used toge ther; 

atmospheric conditions are reasonably stable. 



APPENDIX G 

Technical Requirements for Altimeter Surveys 

The attached represents the technical requirements for a contract 
mapping project in the Southern Yukon in 1981. The b.llk of the i,..ork 
was altimeter traverses to supply elevations for mapping control. 
This cbcument serves as an excellent description of field procedures 
for altirneter traverses. 
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Specifications 

The diffe rent orders of vert ica l control are c..iefined in 
te rms of th e allowab!e discrepancy be tween independent 
forward and backword leveiiings be tween bench marks 
as follows : 
• Special Order 
• First -Order 
• Second-Orcier 
• Thi rt.l- Orrler . 
• Fourth -O rder . 

Note: 

3 mm \'K or 0 0 12 f . 
4 rn rn \ ·'K or 0.017 ft. 
8 rnm \ 1K or 0.035 ft. 

+ 24 rnrn , 1~ or O 10 ft. ,M. 
ft. \

1M. :!: 120 mrn 'v K or 0 :) 

K (kilometres) or M (miles) = the distance be ween 
bench marks measu red along the levell ing route. By 
using equ ipmen t and procedures as recommended for a 
particular order o t leve lling, it is cxpectecl thot the 
discrepancy betwcen the first fo rward Jnd first b;ickw;:.rd 
runnings wiil not exceed the allowable d1screponcy listed 
above in appro)(.imately 84 percent of the sect10I1s ove r 
the course of a level line . Those s,octions th;iI e:-_cerid the 
a!lo vable discrepancy must be relevelled and treilted é1S 
sper: if1ed under lndividuü l Sec tion Runnings . 

Loops and Closures 

Loop m isclosu res shoulc! seldorn excr:ed tlit> l11111ts gIvcn 
übove for variou s orders of levell1ng, télking K as the 
length in ilometres o r Mas the length in miles along the 
level rou te arouncJ lhP, loop. To rnJi n tain the speci fi ocl 
accuracy, long narrow loops should be avoidell. The 
distance between an'( two bench marks, rneasured along 
the actual level route . should not exceed four limes the 
straightline distance between th ern . 

Branch, spur, or open-ended lines should be avoided 
because of the possibil ity of undetected gross erro rs. 

lndividual Section Runnings 

• Special Order 

a) Level each sect ion once forward ünd o nce backward 
independently, using diffe rent instrument men. Jnd if 
possib le. d if fe rent ins trum ents under diffe rent 
weathe r cond i tions and at diffe rent tim es o f the da'(. 

b) Reject and relevel any run ning wi th a suspected gross 
error. 

c) The Sf:Ct ion is cornplete if the discrgpancy bet·Ne en 
the origina l forw,1rd Jnd badwo rd runnings Is not r- ~ -greélter tk1n 3 mm \/ K or 0.0 12 ft VM. The 
di:fer8nce of elevr1tion is the mean of th e two 
runnings, wh,.:;rn : 

Mean = (F) · (B) 
2 

d) Re level when the discrepancy between the original 
forwa rd and backwa rd runnings is greater than 3 mm 
Vl< or 0 .012 fr . \!rM. 

e) A relevelled sec ti on is complete 1f the discrepancy Is 
r.; r. -not grniltcr than 3 mm V K or 0.012 f t . V M between 

al leils t one forwa rd 2.nd one backward running. aft er 
the rejection test (1tern h) Is sausf ied. 

f) A relevellecl section is complete if. il f er se,;eral 
rel evellings , thore are at least t1,vo forwarrJ runni ngs 
and two backw,.1rd running s sur1iving the rej cc tion tes t 
(item h). evon though there is not a cher:k be tw~1en a 
forwarci running and Ft backward running . 

g) The di ff erefl ce of 8Ievation fo r a relevellerl section is 
the rneiln of thn ';ep,Hélte rne;:ins <>f the: ilccep table 
forward runnings and the Acceptable bachvar run 
ninus. 

h) Rejection Test : wh,~re x is th e me;in of thf~ ser.;él rate 
rn e:rns of the forwci rd and b,=ickward run,Illî QS for a 
section, a runi1ing x is rejected when : 

1 x - '< 1 - , :l 7 mrn v'K or 0 0 15 fl. v ~ 1. 

• First -Ord er 

i:l) Luvul r•é1ch sec tion o nce forward and 'Jr~r:u hackwarcJ, 
independently, usIng different Instru rnen t men. ancJ. i f 
possible , umier dif ferent weather cond itions and at 
rliffc rcn t tillles of the rl;i y 

h) Reject c1nd 1elevei ariy running w1th ~uspectecJ gros s 
errors . 

c) The section is com plete i f the rl1scrApancy be tween 
the origina l 'orward é1nd backward ru:1nIngs Is not 
greate r than .1 mm \ rK or 0 .017 ft . v-1vî The cl1f fe rence 
of elevation is the mean o f the two runnIng s, v1here · 

Mean= 
(F)-(B) 

2 

d) Relevel when the uiscrepancy between the original 
forwa rd and backward ru nnings is greater than 4 mm 
VK or 0.017 ft. v 'M. 

e) A relevel led section is comple te if the d iscrepancy ,s 
not greater than d m m v'K or 0 .0 17 ft. VM between 
at least one forward and one backward runn ing , after 
he rejection tes t (item h) is satisfied. 

f) A relevelled section is complete if , after seve ral 
releve ll ing s. there are at least two fo rwa rd ru nnings 
and two backward runnings surv iving th e rejec ti on test 
(item h), even though the re is not a check between a 
fo rward run ning and él backward ru nning . 

... 
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;_;I T t ·c-: dd f'-;-- r~"""<:~.; 1·~ 0 1~v-~t:r:n fui a r,: IE·) ' ✓- :"?\h .. d Sl!Ct1c~ i5 
: ~h. n" ; .. l fl of · ;,,:; <~(:n,1r: ,:, "I rn~):H1 ·_;. ~)f tht~ ·Jt.;C i:p · .1~1 1, ~ 

f n ; •/;?.rd nir1n111~ r:, ;Jn j hri <Jc: ;cp f;')h!e bdCk\,\.' lt~d '\.il;

n i :"i~j !l. 

h ) Rejec ti o n Test: whf::re xis i he T e,m o f the sep;i rc1l':!. 
:ris-.rn:; nf the furwartl anrl l1,1Lkw(ird ru1 111 111 (JS for :1 

;i r.in ninCJ x is rejectrxl when· 

.. 1 7 nrn , voro.o;?o ':.\ M 

~ Seco nd-Ordcr 

a) Level ec1ch section once forwa rd and once backward 
indr!f)f~nrien tly. using rliffer~)nt ins trument rnen . c1nd . 1f 
poss1hlc, under cliffcront weélther co11cJi t1011s and ill 
c!1 ff en3nt times of the day. 

b) RejP.ct anr! relevel any running with suspec ted gross 
srrors 

cl The $•~r.tIon is complete ii the discr~pency between 
the or:rii11a l forv1c1 rd and backward runrnngs is not 
greater th ;in 8 mm v·K or 0.0JS ft \ IM. Th e 
dd P, rence o f elevat ion Is the rneon of the two 
runrnng s. where : 

(F) - (B) 

2 

d) Re levt~I vvh en the cl1s c: rep,1ncy between the original 
for'.:_wird and back__~ ard runnings is greater than 8 rnm 
v 'i, or 0 .0JS ft . \ / M 

e) A r~leve lled section is cornplete if the discreponcy is 
not greater tha n 8 m m \.IK or 0 .035 ft. \/~.if between 
at least one forwa rd and backward running. after the 
rej ection tes t (item h) is satisficd. 

fl A relevelled ection is ,omplete ,f. after several 
re levP,llings, th fi re are at ieast two forwél rc.J runnings 
and two hackwarcJ runnins; s surviving the rr?jfiction tes t 
(i tem h ). even though there is no t a check between ü 

forward running and a backwa rd runn ing. 
g) The difference in eieva tion for a relcvelled section is 

th e mea n of the sepa rate means of the acceptable 
forwmd ru nnings and the Acceptable backward run
n111gs . 

hl Rejection Test : where x· is the rnean of the separnte 
m erJ ns of the forward ancJ backw;ird ruII111ngs for a 
section , a running xi s re jectecl when: 

I:< - xi > 9 -1 mrn v'R or o 0-10 ri . v'M 

Bench Mark Stability 

Be/ore starting a line of levels, the stability o f the sta rting 
bench ma rk m ust be proven by carrying out two-way 
levelling between the sta rting and an adjacent bench 
mark, and comparing the new difference of elevation 
with th8 onainal difference. If this check is within the 
allowable discrepancy fo r the order of levelli ng be,ng 
carried out. both bench marks are assumed to be stable . 
If the check is grea ter than the al lowable discrepancv. 

Î. 

1!l~r1 on·J O' ~r.:h tlFJ!lC-h 'llc·: r 1•.S arc~ c1:,- r i :)1 jer 9 (1 i,1i•s •;:,!"1"· 
;1· ici ... Hi, ;: t ;, ,n;.i! t;1 •q r: h .... -: ,) r l~c.:. •"':I L,:St he: checked u rlt i! ;i :~, 

âCJrP.emen: ,:, ob'.w1 <•Jd. fhe bench ,narks beir,g check.~c: 
mus t be lncat8d far "no~g , apart so tri;;t any clistu rb in(J 
influence is no t th •-) sar-10 on both marks. 

Instrumen t s 

To obto1n the StiHiclarcis nf accura cy set ou t undc r " Bench 
Mark Stabil1 y". the following equ,pment is recom
mencfed : 

a Special Ordar 

a) Self- leveli i11g Ins trurnent equ,pped wI h pc1ralle l-plate 
m icrom eter. telescope m élgnifi cation o f at least 40 •<. 
and a high spe erl compensator with sensitiv1ty equa! 
to or be tte r than a 10"/2 mm level via!; or spirit-leve! 
instrum en t equipped 1,vith pnrallel-plate m,crom'3 er. 
telescope m,1gnifica tion of a t leas t 40 x . and a I O" /7 
rnm or hetter I8vel vi a! 

bl Invar. double-sc9Ie rods with line graduati ons of wic!t 
1 mrn to 1.6 mm . 

cl Rod supports . 
dl Ci rcul;:ir l•]vels ricrmr1ncntly ;:i t tachr>ci to th8 roc!'.; 
e) Foo t plates or steel pins for turn ing points . 
f) Sun shade and instrument cover. 

• First-Order 

a) Sclf-levclling instrument w1th pa rallel-p late rnicrome 
ter. telescope mngn ification o f at leas t 32 x. and ë: 
compensator with sensi tivity equal to or better than ë: 
10"/2 mm level via!; or spi rit-level instrument with or 
w 1thout parallel-plate micrometer. telescope magnifi
cation o f at least 32 x, and a 10"/2 mm or better levP. ' 
via ! 

b) Inva r. double-sca!e rods with li ne grc1duations of wiGth 
1 mm to 1.6 mm; or invar rods of checker-boarc 
design with smallest graduations not less tha n 1 cm or 
0.01 yard and with check graduations on the reverse 
side. 

c) Circular levels pe rmanently at tach ed to the rods . 
d) Foot pla tes fo r tu rning points . 
e) Sun shade and instrument caver. 

Note: 

When the parallel-plate method of levelling ,s employed. 
for special-order or first -order levelling. double scale 
line-graduated rod s must be used. The spacing of th e 
smallest gradua tions must be equival ent to the displace
ment o f the pn rallei-plate mic rometer. W hen the 3-wire 
method is emrioyecl fo r fi rst or second-order level ling . 
rods with checker-bo-i rd design must be used. 



" S er:ond-O rder 

!· ,~ r::;cotn;;,,:r~,,r~\.~ :ha i tne -·q u1p1i" _ · i t iOr t1i e f rs: 0r·l1.,;r 
l,,ve/111 ,g bo us,~d also f,Jr ser;onci-orLl,~r 18ve!ling . t~ow
ever. ins tru m en ts w1th a le,1 01 vi éJI sens1ttv1 t'/ of ?.0" / '2. mm 
or equ1val ent cornpen sator. rnay be use-J. 

• Low er-Order 

The sensi tivity o f the level via l or equivéllen t corn pen
sator. should be in the 40" to 50"/2 mm rang e. Rods with 
th e graduations on wood or metal alloy oth er than invar 
are satis fac tory, however, it is important that the length 
graduations be accu rate. 

Procedures 

To obtain the s tandards of accu racy set ou t abcwe. th e 
tollowing procedu res are recom rnended : 

• Special Orcier 

a) Al i sec tions must have an even 11 ur1ll.J1:: r of se t-ups. 
b) Difference between backsight antl foresight tl is télnces 

at each set-up and their to ta l fo r each section not to 
exceed 5 met res or 15 feet. 

c) Al terna te readings of backs1ght and foresi yht éJ t 
successive se t-ups . 

d) Maximum length of sight 50 rneires or 165 fe et wit h 
weather conditions and te rrain permi tting . 

e) Line of sigh t not less than 0.5 rn etre or 1.5 fec t above 
the grou nd. 

f) Aod readi ng consis ts of mean of cent re-wi re reading 
on each scale after applying scale constan t. 

• First-Order 

a) A li sections must have an even number of set-u ps . 
b) Dif ference between backsight and foresight distances 

at each se t-up nnd the to tal for each section not to 
exceed 10 metres or 33 fee t. 

c l Alternate readings of backsight and ·oresight at 
successive set -ups. 

d) Maximum length o f sight 60 m P.tres or 195 feet wi th 
weather and erra1n conditions pe rrn rtt ing. 

e) Line of sigh t not less than 0 .5 metre or 1.5 fe et above 
the ground . 

f) Rod readings consis t of: 
1. Parallel-p late method - mean o f the cen tre wire o f 

each scale af er appiying sca le constant. 
2 . 3-wi re m ethod - rn ean of tht: reJd1n9s fo r the 

hree wi res. 
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J 

" Second-Orci er 

r=1r st ordr)r ~;; ,"' ... ~-·--~, .rc. ) .ï:(~ r,1c0rnrntJnfH:: •:J lt secoPr!· 
t)r.: ler lr.\v ,:,d,nq fc,!, n,; ;1n r t of ,j clos f-Jd loop Jnu the r ,ev1 
levcl l11ig ,s less th :-11 1 ,î tJ kdornc tres or 25 miles, si r1q !e 
onc- w ny levcl ling ,s acceptable. ln thi s ca se, fi rs t-order 
p;ocetJ ures ,!re :JS;~1,11 t1 ,1! If single, one-w ay lev el ling is 
usecf . the •11 isclo~ t1re ,m ;st not e ·ceecl 8 rnm \ °K or 0 .035 
f t. \, i ïî 

• Lower-Order 

On third ami fourth -ordcr w ork, only one wire need be 
read. lt is preforable thél t he dr f feren ce of elevation 
between successive bench marks be dc term ined tw,ce 
by two inclepcnclent levellina s. 

if he ievelling rioes 1•01 forrn part o f a clos ed loop, or rf 
th e leng th of new leve!l111g exr:eeds 40 kilometres or 2S 
rrnles for third -orrfo r w or' ·. or 80 ki!ometres or 50 miles 
for fourth -order work , son, e form o f double level! ing must 
bf-J ernployf'd St ,ch duul>le leve llir 1g mé.l y r:onsis t o f : tvm 
inclepenrlent levcll,r,gs 111 opposite cl1 rect1oll'; 0r in th e 
Séirne directio ri, icvcll ,ng with one 1nstrum er ' and two 
se ts of turninu poin ts, nr si m ultaneous lcvc il,ngs vvith 
two 111stru me11 ts ;-i nd onr. '.;e t nf turn:ng poi nts ln every 
c; ise, the rod rern linqs rrn rs t be recorJ ed Js t',\'O sepél ra te 
levcll ir,gs. nnd thP. twn d1ff eri~nr.es of olevotton bP. tween 
success:v1i bur 1ch i\ 1;-t rk!..i comp~irr:d i f tw<J sets uf turn ing 
points arr! use cl w 1th one instrument , two rods graduaterl 
in Jif ferent uni ts shoulcl lie ern ployed. 

111 ;1!1 low er-ord,:r !1 :•11.:ll 111q, it rs ext rerr,ely desir,ib le to use 
the tw o-rod sv s e, 11 and to keep balanced ioresigh ts and 
backsigh ts . 

OTHER METHODS 

Vertical Angles 

Eleva ti0ns o f nn acc t1r,1cy equ ivnlent to lower-orde r spiri t 
!evel ling may so, ,et1m es be obtained by verti cal angies in 
conjunc tion with trüverse, trilateration or trianyulation . 
Highest accu rac1 ".an b ,➔ obwined only on short lines (a 
few huncl red rnt: lresl .. For bes t Jccuracy on long lines. 
the angles Jt 1;Jch ent.l rnust be read simultaneously 
using one-second or better ins truments To be consi
cl ered simu ltaneous. the observat ions at each end must 
start within a minut e. A m inim um of three sirnuitaneous 
sets 1s recom m ended. w here a set consists o f read ings 
taken in the direct and rev erse positions . 

The sets sh oulci be ta kcn prd erably at different times o f 
cl ay, but shoulcl 11ot be taken du ring periods when 
atmospheric cn ndi!i ons are uns table, such as at dëJ-.•m or 
dusk. Tl1e ordr:: r o f accuracy wh, ch can be ach1 eved 
depends large!v on he ca re in taking simultaneous 
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rcart :,H ·s .):!:: nn t!1e " t?h!!i ry of th , il trn ~::;p l ,e~•.! 
HrY1/. 6 /(':". ,.i .. ~.,..: ;~s r::1 :·v,1',lr;· ;,~) f:J~;r!h ')r~: , !r !c .. ,,("\~ 1rn9 
JC~· .. ~;.~~1 . .-'I'' r;2.r; ~ 0 idci~ be ~)(;' •--:1 iït JrJ d Îlll"S cl rt rve.~t11r tllé1f1 

;:,bou' î S l ihrn~tres { i O ,i les) . 

ln reg:ons suc:h as rnou nta! nous or co2st JI area s, the 
ef fec t n f the geoicl And d ,flections of th e vert ica l may be 
si gnifi can: ,:ind should b0 con~idered. 
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No t es on Field Central Placement and Identification 

(abstracted from " Manual of Field Central Placement and Identif ication" 

second edition April 1978 S&M Branch) 

Vertical Control Placement 

Vertical control is best placed in the com.~on overlap between flight lines, for 

i f points are so p laced they are ideally situated to level the stereo-model. In 

black adjustments , vertical control is not needeà in every model , thus, chains 

of vertical control points are generally r equested running at right angles to 

the photographie flight lines and spaced from five to six overlaps apart . 

The ideal vertical control point is a level surface of known elevation with 

suitable image contrast for the precise placing of the floating mark on the 

ground . There is the obvious requirement that the horizontal position of the 

le vel s ur face can be correctly identified on the compilation photography. 

It might appear that the centre of a level grass field would be ideal, but this 

is not necessarily so. If the texture of the grass is uniform it is difficult 

to forma stereo image; however, if a foot-path runs across the field or some 

other pattern exists , this control point c an be used to form the stereo image 

and position the mark on the ground. For the same reason, the centre of a body 

of water cannot be used as a vertica l control point but any point located on 

the shore which is clear of trees (e .g. a sandy beach ) is suitable. 

There are two dangers in us ing water surfaces: 

most Canadian lakes change in water level from year to ye ar and from season 

to seas on. Therefore, it is necessary for the field surveyo r to determine 

from local evidence the extent of t he seasonal fluctuations of the lake 

level . 

if the lake is surrounded by trees which corne to the water 's edge, no suitable 

stereo i mage can be obtained at the water level. 

'- · 
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The level surfa ce at the centre of a cro ssroad is easily identifiable and is 

generally suitable for a vertical control point. In cases where the sun is 

reflected brightly from the road surface, causing a f lare,the photogrammetric 

operator can usually find a place at the edge of the pavement where the floating 

mark can be brought to ground level. 

It can be deduced that an ide al vertical control po i nt is a level surface 

containing sufficient detail for go od stereoscopic f us i on so that the floating 

mark of the stere oplotter can be placed on the image o f the g round. In a ctual 

practice, good results are derived from shoreline points, the highest point of 

bald round-topped hills ( i.e., where a helicopter can land a t the highest point), 

level pastureland, p arkland and e ven asp halt p arking l o ts where the white line 

p arking grid forms a s ui table pattern for stere oscopi c 

Vertical Contr ol I d entification i n Wilde r nes s Ar e as 

C • 
LUSio n. 

Helicopter altimeter lines are laid o u t at r i ght angle s t o the mapp ing photo 

graphy flight lines and spaced from five to six overlap s with the proposed 

vertical control points marked with a circle of about one inch in diameter. 

These points have been carefully pre-selected by examining the photography with 

a stereoscope. 

The elevation of points along the traverse line should be kept at approximately 

the same elevation. (The ideal situation is to hav e all stations at elevations 

within 75 m of the mean. If the terrain makes this goal impossible, ± 150 m 

should be considered as the outside limit). Within this overall restraint, the 

preferred locations for points are in the following order of preference: 

lakes or ponds on which the helicopter can land and with at leas t part of 

the shoreline suitable for photogrammetric measurement; 

the highest point of a hill on which the helicopter can land (i.e., clear 

of boulders or trees and with a reasonably flat top); 

a level clearing with good i dentification features; 

the lowest point o n a saddle ridge between two higher f eatu res. 
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Exp e rience ha s shown t h a t t he mo st prec i se way to indica t e t he elevation o f the 

highest p o int of a hi l l i s NOT b y attempting t o p i n-p rick t he position o f the 

h i ghe s t p o i nt, b u t b y c ircling the p art of t he hil l containing the hig he st 

point and letting t he plotter operator find this point using the floating mark. 

The same system can be used for an elevation on a piece of level ground, by 

circling the level area so that the plotter operato r can d r op his mark at any 

point within the circle. If it is essential t o p lace a n e l e vation point in an 

a rea whe re no hilltops exist and where no l evel g r ound c an b e fo und , then it is 

p ermissible to read an elevation o n gently s lop i ng g r ound beside some point 

of detail that can be positively identified on t h e pho t ograph . A pin- pri ck 

is used to mark the position on the photo. 

Care mus t b e taken to e n sure that the helic op ter actual l y r e sts o n the h i ghest 

po int of a featu re when this is the station d e s c ription . A h a nd level should be 

used if there is any ques t ion of other bumps in the v icin ity being higher. 

• 
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