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Introduction 3

INTRODUCTION

Programs for your HP-65 Surveying Pac I have been selected to
provide solutions for many of the day-to-day problems you
encounter.*

In general, the programs are grouped into.commcn problem
areds of traversing, curves, triangles and intersections, field reduc-
tions, predetermined area and earthwork.

Included in Surveying Pac I are 34 prerecorded magnetic cards,
a card case, 20 pocket instruction cards, and this instruction booklet
with program descriptions, formulas, example problems, user instruc-
tions and program listings.

We are confident that you will find this pac useful, and we
welcome any comments or suggestions you may have.

*This pac is written using North American surveying conventions.



4 Format of Users Instructions

FORMAT OF USER INSTRUCTIONS

The following is an example of a set of user instructions (from Field
Angle Check — Surveying 1-25A):

LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program DD
2 | Input Ref Az away from pt Ref Az E:
3 | Hf angle right Ang Rt :
4 | If angle left Ang Lt @
5 | If deflection right pefiRre ([ ]
6 | I deflection left Dett Lt |[cHs J[c_]
7 | Optional: Compute course brg EE Brg
8 | Optional: Compute quad code :I Quad
9 | Optional: Compute azimuth D Az
(Repeat lines 3-9 for each SE
course) C_ I
10 | Compute angular error E[: Ang Error
1" D Ang Corr

If checking traverse between two points, the closing reference azimuth is entered
viakey A; angular error is then obtained at line 10.

To run another problem, press then return to line 2,

The instructions read from left to right starting with line 1; follow
any indicated operations in this order. Lines having no numbers
contain special notes to the user and are in parentheses under the

INSTRUCTIONS column. An example is the comment between lines
9 and 10.

Always move sequentially from line to line unless a comment in the
INSTRUCTIONS column indicates otherwise. Thus, the comment
after line 9, “Repeat lines 3-9 for each course”, means to return to
line 3 following the instructions indicated until all necessary data has
been entered. If there were no more courses, the user would proceed
to line 10 for further instructions.

TLCCLLLLLE
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Information under the DATA column will be the instruction to
enter a number or value, even though in many cases there is not a
comment given in the INSTRUCTIONS column.

Generally, where an instruction is designated as *“Optional”, the
results have already been computed and stored. Thus, skipping
optional path may save time by not displaying results but does not
affect calculations.

The DISPLAY column indicates results where applicable. In some
cases, the calculator display may show a value which is an
intermediate factor used in final calculations and may be ignored.

The function keys A through E are used for entering data and
displaying solutions. Keys to the left are used for data entry and
those to the right for solutions. Solution keys are always indicated by
“SOLN™. Data is entered by entering the value and pressing the
appropriate function key. Solutions are obtained by first pressing
the appropriate function key and then, if the particular solution
consists of multiple values, pressing the [ key successively until
all the values have been displayed. The i key is never used for
data entry.



6 Points to Remember

POINTS TO REMEMBER

Turning the calculator off clears all storage registers, the operational
stack, and program memory. Neither the storage registers nor the

operational stack is disturbed when a program is loaded into the
calculator,

When running successive problems with one program without
turning the calculator off, clear the storage registers by
pressing [¥] [REG] . To insure that the program restarts execution
properly, press [i§fY] after [1) . The same rules apply when
running one program after another unless data is utilized which was
stored by a previous program. Failure to perform these steps may
result in incorrect solutions.

When working with problems which involve the display of degrees,
minutes, and seconds as output, set the decimal at four. places
(press (<] [4] ) to enable full display of minutes and seconds.
Input degrees, minutes, seconds in the form DDD.MMSS, i.e., 60
degrees, 05 minutes and 12 seconds is displayed as 60.0512.

may not be used as an equivalent to an input of zero.

Do not perform manual calculations between program execution

steps. In many cases the stack contains values necessary for program
execution.

Quadrant codes for bearings ate as follows: NE is 1,SEis 2, SWis 3,
and NWis 4.

g 7 PP e
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ENTERING A PROGRAM

From the card case supplied with this application pac, select a
program card.

Set W/PRGM-RUN switch to RUN.

Turn the calculator ON. You should see 0.00

Gently insert the card (printed side up) in the right, lower slot as
shown. When the card is part way in, the motor engages it and passes
it out the left side of the calculator. Sometimes the motor engages
but does not pull the card in. If this happens, push the card a little
farther into the machine. Do not impede or force the card; let it
move freely. (The display will flash if the card reads improperly. In
this case, press [CLX] and reinsert the card.)

When the motor stops, remove the card from the left side of the
calculator and insert it in the upper “window slot” on the right side
of the calculator.

The program is now stored in the calculator. It remains stored
until another program is entered or the calculator is turned off.
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FIELD ANGLE TRAVERSE

FIELD ANGLE TRAVERSE

TEHZ WeF

SURV 1018
R 20T A 505

his program will accept angles right, angles left, deflections right
nd deflections left as well as horizontal or slope distances. The
oordinates of the next point are calculated, and area in square feet
nd acres are available upon completion of the traverse. Traversing
etween two known points is accomplished through a second
rogram in which the coordinates of the closing point are entered.
his same secondary program, Closure for Field Angle and Bearing
raverses (Surveying 1-34), also computes area, closure for bearing
nd distance, total distance traversed and precision ratio.

lope angles are assumed to be entered as zenith angles. To change
he program to use vertical angles, the following sequence must be
ollowed:

1. Enter program

2. Press

3. Switch to program mode (W/PRGM)—-14 should appear in

the display

4. Press (single step) three times—09 should appear in the
display

. Press [9] (delete)—09 should appear in the display

Press [l eleven times—04 should appear in the display

. Press [9) —31 should appear in the display

Press [5]. —05 should appear in the display

. Record changed program by inserting blank card in reader
. Switch back to run mode

. Enter changed program and test

—~ 00PN w

——

g e e o A

Surveying 1-01B

Formulas used:
H Dist = S Dist sin (Znth ang)
N.: = N, +H Dist cos Az
»1 = E,+HDistsin Az
Area = 1"él(Nz + N1) (Ez_El) + (N3 + Nz) (Ea_Ez) +
...+ (N, +N)) (E, -Ep)]
Where: N, E'= Northing, easting of a point

Subscript i refers to current point
Subscript n refers to next to last point
Numeric subscript refers to point number
Az = Azimuth of a course

HDist = Horizontal distance

SDist = Slope distance

Znth ang = Zenith angle
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Example:

UNADJ AREA = 2659180 FT
.610 ACRES

Calculated Ending Coordinates N—149.905

399.783

121 this example, the Field Angle Traverse program is used until the
:n culated endin.g coordinates are established. The Closure for Field
gle. and Bearing Traverse program is then loaded and the closing
coordmafef are entered (N = 150.00 and E = 400.00). From the
the remaining closure information can be obtained—se'e instructi -
for the Closure program (Surveying 1-34). et

Closure distance = 0.237

Error bearing = § 66° 19’ 43" W
Distance traversed = 667.147
Precision = 2814

/i i

Surveying 1—018 11
NOTE: If registers for the Closure for Field Angle and Bearing
Traverse program (Surveying 1-3A) have been manually
loaded, variations in the above may occur due to
rounding.
LINE INSTRUCTIONS DATA |  KEYS | DISPLAY
1 | Enter program [_f__IL_J]\
2 Begin N EADE Begin N
3 Begin E Egﬂ—
4 | Input ref az away from pt ‘| Ref Az Ej
§ | 1f angle right AR E__“__]
6 | 1f angle left aL |[cms]e ]
7 | ¥f deflection right or |[c L1
8 | If deflection left oo |[emsllc |
9 | Input distance {SD or HD) bt (Lo JL__1
10 | 1f horizontal distance [_T_JL___H H Dist
11 | 1f slope distance znang|[_D _J[___JjHDist
12 | Compute Coords Ea[: N
13 eI«
(Repeat lines 5-13 for successive :Ej
courses. Lines 14 & 15 should I
be executed only after comple- Ejg )
tion of polygon traverse.} EE:
14 | Optional: Compute sq ft rR_IS_]E Sq Ft
15 | Optionai: Compute acres @L_J Acres

For closure information and/or traverse between two points, proceed to program

Ctosure for Fieid Angle & Bearing Traverse (Surveying 1-3A).
To repeat field angle traverse go to line 2
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BEARING TRAVERSE

BEARING TRAVERSE SURV 1-02A

BEGN-E BRG  QUAD L, DIST. N-E-AREA E

This program uses bearings and horizontal or slope distances to
calculate coordinates.
Traversing between two known points is accomplished through a
second program in which the coordinates of the closing point are
entered. This same secondary program, Closure for Field Angle and
Bearing Traverse (Surveying 1-3A), also supplies area, closure bearing
and distance, total distance traverses and precision ratio.
Slope angles are assumed to be entered as zenith angles. To change
the program to use vertical angles, the following sequence must be
followed:

1. Enter program

2. Press

3. Switch to program mode (W/PRGM)—14 should appear in

the display
4. Press (single step) three times—09 should appear in the
display

5. Press@ (delete)—09 should appear in the display

6. Press 10 times—04 should appear in the display

7. Press 9] [DEL) —31 should appear in the display

8. Press (8] —05 should appear in the display

9

. Record changed program by inserting blank card in reader
slot

10. Switch back to run mode
11. Enter changed program and test

Formulas used:
HDist = S Dist sin (Znth ang)
Ni+y = N, +HDist cos Az
E,,, = E,+HDistsin Az
Area = K[(N,+N,) (E,—E, )+ N3+ N,) (E;~E ) +
<o+ (N, +N)(E,-E))]

g/ o e
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Where: N,E = Northing, easting of a point

Subscript i refers to current point
Subscript n refers to next to last point
Numeric subscript refers to point number
Az = Azimuth of a course
HDist = Horizontal distance
SDist = Slope distance
Znth ang = Zenith angle

Example:

BEGIN

In this example, the Bearing Traverse program is used until 'the
calculated ending coordinates are established. The Closure for F1.eId
Angle & Bearing Traverse program is then loaded and the closing
coordinates are entered (N = 352.100 and E = 988.220). From th'ere,
the remaining closure information can be obtained -- see instructions
for the Closure program (Surveying 1-3A).

Closure distance = 0.195

Error bearing =N 5°41'31"E

Distance traversed = 402.938

Precision = 2068 '

" NOTE: If registers for the Closure for Field Angle and Bearing
Traverse program (Surveying 1-3A) have been manually
loaded, variations in the above may occur due to
rounding.
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LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program L1
2 BeginN{[A_J[__ ]|BeginN
3 BeginE|] A ]|  |]lBeginE
4 | Input bearing Brg :
6 | Input qusdrant code Qud |{ C || |
6 | Input distance (SD or HD) oiss (O J ]
7 | horizontal distance o Jinom
8 | If slope distance ZnAng || D J|  ]|HOise
9 | Compute coords Ce I~
10 Ces e
{Repeat tines 4-10 for successive I
courses. Lines 11 & 12 should CI3
be executed only after I —
tion of polygon traverse.) ED
11 | Optional: Compute sq ft :| Sq Ft
12 | Optional: Compute acres Les JL_ Jfacree

For closure information and/or traverse between two points, proceed to program
Closure for Fisld Angle & Bearing Traverse (Surveying 1-3A).
To restart this program after an error or for new data press [} then[7]

and go to line 2.

g !l P g

Notes

Surveying 1—-02A
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CLOSURE FOR FIELD ANGLE AND
BEARING TRAVERSES

CLOSURE FOR FIELD ANGLE
AND TRAVERSES

e Fon | SURV 1-03A
RS N ogtar

T TR

This program, used in conjunction with either the Field Angle
Traverse program (Surveying 1-1B) or the Bearing Traverse program
(Surveying 1-24), computes area, closure bearing and distance, total
distance traversed, and precision ratio.

Key B .is used only for entering the closing coordinates in the case
of a traverse between two points (i.e., not a polygon).

If this program is not used immediately after the Field Angle
Traverse program (Surveying 1-1B) or the Bearing Traverse program
(Surveying 1-24), or if the storage registers have been altered, or if
the calculator power has been turned off since either of the traverse
programs were run, enter the following data into the specified
storage registers (this is done by entering the data in the display and

pressing followed by the register number for each of the five
parameters):

REGISTER PARAMETERS TO BE STORED
2 Total distance traversed
4 2 X area (sq. ft.)
5 Correct closing easting
6 Correct closing northing
7 Calculated ending easting
8 Calculated ending northing
Formulas used:
Closure distance = /N ¢~ N)?+(E-E )
Precision ratio = I Dist/Closure distance
. _,Ec —E_
Error bearing = tan"?
Nc _NL

Where: N., E. = Correct closing northing and easting

Ny, EL = Calculated closing northing and easting
ZDist = Total length of traverse

)y i g P

Example:

Surveying 1-03A 17

Values stored in the registers given below are those stored by the
Field Angle Traverse (Surveying 1-1B) example.

REGISTER VALUE
2 667.147 Total distance traversed
4 $3182.000 Areax 2(sq ft) '
5 400.000 Correct closing eastm'g
6 150.000 Correct closing north1:}g
7 399.783 Calculated ending eastm?
8 149.905 Calculated ending northing

Using these values, the closure information is calculated.
Area = 26,591 sq ft =0.610 Acres
Closure distance = 0.237,feef,
Error bearing = S 66° 19' 43" W*
Total distance traversed = 667.147 feet

Precision = 2814*

*These values will not be exact if values are stored lly. This is
of rounding of the input values.
LINE INSTRUCTIONS DATA KEYS DISPLAY

1 | Entsr program

C_ L

(Skip lines 2-3 if registers losded

]

maenually)

L

2 | input correct closing N

[ —

Close N Close N

3 | Input correct closing E

Close E

a1

Close E

I —

4 | Optional: 1f polygon recall
o ] isare
Ao LRIl o
6 | Computs closure dist [ -
7 | Computs error brg : B9
8 | Computs quad code (R j__Jjous
9 |c total dist d @Ej | Tot Dhst
10 | Compute precision ratio® EE Prosn

*Flashing zeros indicate perfect closure
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INVERSE FROM COORDINATES

Surveying 1—04A 19

Example:

INVERSE FROM COORDINATES SURV 1-04A

mone NET BEL SR AFAIR

This program uses coordinates to calculate distance and bearing
between points of a traverse. The area in square feet and acres, plus
a summation of distance inversed are also computed.

Formulas used: 225.000
" 170.000
HDist = V(Ni-N,;)? + (E-E,.,)?
Az = tan’! EBy
B _ 150.000
Ni—Niy 00 @
Area =

%[(Nz‘" Nl) (Ez"Ex) + (N3+ Nz) (Ea‘Ez) +
oo (Ng + Ny ) (E, - Ep)]

Where: N,E = Northing, easting of a point
Subscript i refers to current point
Subscript n refers to next to last point
Numeric subscript refers to point number

HDist = Horizontal distance

Az = Azimuth of a course

AREA = 20,938 SQ. FT.
0.481 ACRES
TOTAL DISTANCE INVERSED = 641.033

. !
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LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program DD
2 BegN || A ||~ ]iBeginn
3 BegE |[A J[___ ] Begine
4 Next N E Lat.
5 NextE [[C8 ) ] Dep.
6 | Compute distance B Dist
7 | Compute bearing E’D Brg
8 : Quad
{Repeat lines 4-8 for successive GD
courses.) ::
9 |Optional: Compute area ED Sg. Ft.
10 | Optional: E Acres
11 [ Optional: total dist inversed D Tot Dist

To compute area correctly, lines 4-8 must be executed for each leg.
To repeat Inverse From Coordinates go to line 2.

LCLOLoen

1L

Notes

Surveying 1—-04A

21
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SIDESHOTS

This program may be used alone or in conjunction with one of the
traverse programs (Surveying 1-1B) or Surveying 1-2A). Used as a
stand-alone program, the reference bearing from a backsight is
entered along with the coordinates of the occupied point. If used
with a traverse program, these steps are omitted and data stored by a
traverse program is used. In either case, the stored data is not
destroyed, and the traverse operation may be carried out from the
point occupied.

Slope angles are assumed to be entered as zenith angles. To change
the program to use vertical angles, the following sequence must be
followed:

1. Enter program

2. Press({@f)

3. Switch to program mode (W/PRGM) - 14 should appear in the
display

4. Press B8 (single step) four times - 03 should appear in the
display

5. Press [9] (delete) - 44 should appear in the display
6. Press 15 times—04 should appear in the display

7. Press [9][DEL] —31 should appear in the display

8. Press [8] 05 should appear in the display

9

- Record changed program by inserting blank card in reader
slot.

0. Switch back to run mode
1. Enter changed program and test

—

o/ P o e e g

Formulas used:

H Dist
N
E

Where:

|

N,E

N, E,

H Dist

S Dist
Znth ang
Az

Surveying 1-058

S Dist sin (Znth ang)
N,+ H Dist cos Az
E,+ H Dist sin Az

Northing, easting of sideshot
Northing, easting of occupied point
Horizontal distance

Slope distance

Zenith angle

Azimuth to side shot

d N 344322
§ E 668.412
b
N
1 ]

(SIDE SHOT NO. 2)

N __149.686
E 607.925
(SIDE SHOT NO. 1)

23
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LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program |__“J
(Skip lines 2-5 if using in con- :D
junction with a traverse program) DD
2 | input Ref Brg into occ pt Reterg (A J ]
3 R [
: oo A
; ot AL
8 | If angle right AngRe |8 [ ]
7 [ ifangle tott AngLt [[ens ][ ]
8 | 1f deflection right pefiae|[c J_]
8 | if deflection left oett Lt [Cens JTc_]
10 oiw [0 [ ]
11 | I horizontal distance ED H Dist
12 | slope distance znang L0 J J Hois
13_| Compute sidesh e[
Cas T Je

To execute another side shot from the same point 9o to line 6,
for a different point go to line 2.

L LETnT-

Notes

Surveying 1—-058

25
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COORDINATE TRANSFORMATION

COORDINATE TRANSFORMATION SURV 1+06A
OLD N-E ROTATION LE  NEXT TRNSFRMD K
NEW N-E TANGLE® FACIDR Mo N-E SOIN &

This program translates, rotates, and rescales coordinates. Traverse
rotation angle is entered as a positive value for counterclockwise
rotation and negative for clockwise rotation. The translation factors
are calculated by entering old and new grid system coordinates for
the same point; rotation is also about this point,

Formulas used:

Azg

H Distg

Tn
Te
Where:

Example:

E,—Ep

= +t L

¢+ tan NN,
= 8 V(Ni-Np)2 + (E—Ep)?
= Np + H Distg cos (Azg) + Ty
= Ep + H Distg sin (Azg) + Te
= Ny, -Np
= ETl -Ep
Azq = Rotated azimuth
[ = Rotation angle
N,,E; = Northing, easting of current point

before transformation

Np,Ep = Original northing, easting of pivot point
H Distg = Scaled horizontal distance
S = Scale factor
N,E = Northing, easting after transformation
N-rl,lZTl = Northing, easting of pivot point

after transformation

Coordinates before transformation are those computed by Com-
pass Rule Adjustment (Surveying 1-74).

“

—EEE{EEEEE*{H—“
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COORDINATES COORDINATES
IN OLD SYSTEM IN NEW SYSTEM
N 150.000* N 100.000*
E 400.000 E 350.000
N 224.540 N 165977
E 561.673 E 515.353
N 356.577 N 302.698
E 468.710 E 429427
N 232414 N 187.151
E 307.327 E 261.767
* Rotated about this point
Rotation Angle = -3° 00’ 00”
Scale Factor = 1.00
LINE INSTRUCTIONS DATA KEYS DISPLAY

Enter program

{Skip lines 4-5 if no translation

is desired.)

2 | Input N in old system OId N E
3 | Input E in old system OldE EE
4 | Input N in new system New N EE
5 | Input E in new system New E E:
6 | Optional: tnput rotation angle | Angle D
7 | Input scale factor Scale :
8 NeaN (D ]
9 NextE [ O]
10 { Compute transformed coord N

1

Return to line 8 for next N,E. For new case start at line 2.
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COMPASS RULE ADJUSTMENT ¥

COMPASS RULE ADJUSTMENT SURV 1+-07A

This program adjusts a traverse by the compass rule. It is intended to
follow the program Closure For Field Angle and Bearing Traverses
(Surveying 1-34). However, if the correct coordinates of the last
point, the computed coordinates of the last point, and the total
distance traversed are known, these parameters can be used in lieu of
executing the closure program.

If this program is not used immediately after Closure for Field Angle
and Bearing Traverse (Surveying 1-3A) or the storage registers have
been altered or the calculator turned off since the closure program
was run, enter the following data into the specified storage registers,
(This is done by entering the data in the display and pressing
followed by the register number for each of the five parameters).
REGISTER PARAMETERS TO BE STORED
Total distance traversed
Correct closing easting
Correct closing northing
Calculated ending easting
Calculated ending northing

[ BN - NRV. 3 S

The Inverse From Coordinates program (Surveying 1-44) may be
used to obtain adjusted bearings, distances and area.

*This is also know as the Bowditch adjustment

FELCLEEEEn T
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To adjust a traverse between two points (non-polygon), run :::
Closure program (Surveying 1-34) as usual. Then upon entering
Compass Rule Adjustment program:

Press -

Enter starting northing, press (2},(s70) (€]

Enter starting easting, press ol 5]

Proceed to line 2 of the operating instructions.

Note: Coordinates must be reentered in the same sequence as
originally traversed, starting at the second point.

Formulas used:
(&N) (Dist) Co = (AE) (Dist)
Co = S © % T3 Dist
Where: C, = Correction to latitude of a course
C = Correction to departure of a course
Alr‘} = Closing latitude
AE = Closing departure
Dist = Length of course to be corrected
I Dist = Total length of traverse
Example:

Values stored in the registers given below are those stored by the
Field Angle Traverse (Surveying 1-1B) example.

REGISTER VALUE
2 667.147  Total distance travefsed
S 400.000 Correct closing eastm;
6 150.000 Correct closing northu}g
7 399.783  Calculated ending eastm'g
8 149.905 Calculated ending northing



30 Surveying 1—-07A

Using these values, the compass rule method of adjustment yields
the following results:

POINT UNADJUSTED ADJUSTED
NO. COORDINATES COORDINATES

2 N = 224515 N = 224.540

E = 561.615 E = 561.673

3 N = 356.529 N = 356.577

E = 468.600 E = 468.710

4 N = 232.337 N = 232414

E = 307.150 E = 307.327

Ending & N _= 149.905 N = 150.000

Beginning E = 399.783 E = 400.000

LINE INSTRUCTIONS DATA KEYS DISPLAY

1 Enter program :B
2 unai NI A T ]
3 unsaie|[ B JL_— ]

4| Compute adjusted coord e 1T Jjadain

5 CoJC__adie

Retum to line 2 for next point.

==

HHHHHAHL
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TRANSIT RULE ADJUSTMENT
TRANSIT RULE ADJUSTMENT
START UNADJ N UNADJ E

This program adjusts a traverse by the transit rule method. It is
intended to follow the program Closure for Field Angle or Bearing
Traverses (Surveying 1-34).

SURV 1-08A
PRE-_ ADJ N-E @
ADWST ~ SOLN

Because of storage register limitation and requirements of the transit
rule method, it is necessary to enter the unadjusted coordinates
twice.

If the storage registers have been altered in any way since one of the
traverse programs or the closure program was run, store the
following data in the specified registers (this is done by entering the
data in the display and pressing followed by the register
number for each of the parameters).

REGISTER PARAMETER TO BE STORED
5 Correct closing easting
6 Correct closing northing
7 Calculated ending easting
8 Calculated ending northing

The Inverse from Coordinates program (Surveying 1-4A) may be
used to obtain bearings, distances and area from the adjusted
coordinates. The starting and closing coordinates must be the same.

NOTE: Coordinates must be reentered in the same sequence as
originally traversed, starting at the second point.



32 Surveying 1—-08A

Formulas used:
C.=AN|L|/ZIL|
C, =AEIDI/Z|D|
Where: C, = Correction to latitude of a course
Cp = Correction to departure of a course

AN = Closing latitude

AE = Closing departure

L = Latitude of a course
D = Departure of a course

Example:

Values stored in the registers given below are those stored by the
Field Angle Traverse (Surveying 1-1B) example.

REGISTER VALUE
) 400.000 Correct closing easting
6 150.000 Correct closing northing
7 399.783  Calculated ending easting
8 149.905  Calculated ending northing

Using these values, the transit rule method of adjustment yields
the following results:

POINT NO. UNADJUSTED ADJUSTED
COORDINATES COORDINATES
2 N = 224515 N = 224.532
E = 561.615 E = 561.684
3 N = 356.529 N = 356.576
E = 468.600 E = 468.709
4 N = 232.337 N = 232413
E = 307.150 E = 307.327
Ending & N_= 149905 N = 150.000
Beginning E = 399.783 E = 400.000

g/ o o
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INSTRUCTIONS DATARMTS KEvS OATATUNITS
Enter program ED
Compute closing 1at, dep {start) :DE Closing Lat
Optional: Display closing |
departure m Closing Dep
Unadj N D
undie  |Cc L]
Compute sum of absolute values r_“__—J
of Iatitudes and departures E:]
{pre-adiust). (Repeat lines 4—6 [
until last point has been pro- :E
cessed, then proceed to line 7.) GE:
v \Ca 3]
unasie  |CcIC ]
Compute adjusted coords EED Adj N
Cas]C_J|  adie

Repest lines 7—9 until all coordinates have been entered and adjustsd.
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TWO INSTRUMENT RADIAL SURVEY

TWO INSTRUMENT RADIAL SURVEY SURV 1-09A
POINT1 POINT 2 POINT 1 POINT N-E =
N-E BRG-DIST BRG-| DIST SOLN

This program determines the coordinates of a point using a two
instrument radial survey technique. The coordinates of the two
instrument locations are entered. The bearing and distance to the
target point are measured from each of the instrument locations.
The solution makes two independent calculations of the coordinates
of the target point and outputs the average coordinates of the target
point. As an optional check, the program outputs the distance
between the two calculated locations of the target point.

Formulas used:

N=[(N; + HD; cos Az,) + (N, + HD, cos Az,)] /2
E= [(E) +HD| sin AZI)+(E1 + HD) sin AZ;)]/z

Where: N,E = Northing, easting of target point
N,,E, = Northing, easting of first instrument point
N,,E, = Northing, easting of second instrument point
HD, = Horizontal distance—point of origin is
designated by subscript.
Az, =

Azimuth (converted from bearing)—point of
origin is designated by subscript.

SLErIeoes
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Example:
N_2000.000 DataatPt 1 .
E 150.004 Bearing  3° 51’56
Quad 1
o z Distance  1854.218
23 B DataatPt2 i
S3|I8& Bearing  2° 56’ 08
el |88 Quad 4
= £ Distance  1952.562
N, 150 Distance between target
£ = lu point solutions = 0.001
1 E, 250 .
LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program :]E
2 (-
3 e, Al
4 N, |
5 e, |8 L1
6 eer e T
0 S (-
10 owaz |5 L]
" o2 |0 ]
12 |Compute coordinates E:] N
13 CrsJC_e
14 |Optional: (straight line distance :]:j
between the two target point ES
solutions} E: Distance

For successive points measured from the same instrument locations, return to line 6.
For new case go to line 2.
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CURVE SOLUTION-GIVEN A &RORA&T

c w"AE‘sogwoa'uA,,"TG"E" SURV 1+10A _
ENTRAL AREA CURVE
ENDAL maDis TANGENT AREA  CURVE

Given the central angle and either the radius or tangent distance, this

program computes four remaining parameters plus the sector,
segment and fillet areas.

Formulas used:
T = R tan (%4)
C = 2Tcos(%h)
R = T/tan (%44) = C/(2 sin (44))
L = AnR/180

Sectorarea = LR/2

Segment area = Sector area — % CR cos (44)

Fillet area = T R—Sector area

Where: = Tangent distance
= Chord length

= Arc length

= Radius

= Central angle

Do O
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R = 223.181
A = 450 30, 23’!
%A = 220 45, ll,’
C = 172.636
T = 93.602
L = 177258

Sectorarea (7) = 19,780
Segment area (=) = 2,015
Fillet area (&) = 1,110

tfLecceceoom

LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program Dl__]
2 i
3 | if radius known® e J
4 | If tangent known*® e 1l —
5 | Optional: Compute area Codl__j secare
6 | Optional s )| segAres
7 | Optional Crs | FitArea
8 | Computs curve solution e R
9 [rsdl__J| &
10 [T Y
" sl ¢
12 Crsll__| 7
13 Crsd_J ¢

*Input radius or tangent, not both.
Lines 6-7 can be executed at any
been input.

For new case go to line 2,

time after initial parameters have
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CURVE SOLUTION-GIVENR&TORR &L

ARC  AREA
RADIUS TANGENT  ARC =~ AREA  CURVE @

=3

Given the radius and either the tangent or arc length, this program &

computes four remaining parameters plus the sector, segment and

fillet areas.

Formulas used:

%A
T
C
L
Sector area
Segment area
Fillet area
Where: T

>N ale}

tan ! (T/R) =
R tan %A

2T cos (}%D)
AnR/180

sin™! (% C/R) = 90L/mR

= LR/2

= Sector area — % C R cos (44)
= T R—Sector area

Tangent Distance

Chord length

Arc length

Radius

Central angle
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Example
R = 223.181
A = 45°30°23"
ARC (L) BA = 22°45° 117
CHORD (C] C = 172636
%A - T = 93.602
L = 177258
Sector area () = 19,780
Segment area (=) = 2,015
Fillet area (»a) = 1,110
LINE INSTRUCTIONS DATA KEYS DISPLAY
1 Enter program l || |
2 Redivs [ AT
3 | If tangent known” T :]
4 | If arc length known® L E
5 Optional: Compute area E[: Sec Area
6 Optional ::] Seg Area
7 | Optional E Fil Area
8 Compute curve solution EE R
° Crs)_ »
10 CEEC_]| »a
1 CesJCJ)
12 e -
13 BTN

*Input tangent or arc length, not both.

Lines 5-7 can be executed any time after initial parameters are entered.
For new case go to line 2,
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CURVE SOLUTION-GIVEN A & CORR&C

CURVE .
ASCOR RSN SURV +12A

Given the chord length. and either the central angle or radius, this

program computes four remainin,
segment and fillet areas, 8 parameters plus the sector,

Formulas used:
R = C/(2sin (42))
A = 2sin1(y C/R)
T = Rtan(%4)
L = AnR/180
Sectorarea = LR/2
Segment area = Sector area — % CR
‘ - cos
Fillet area = T R—Sector area “8
Where: T Tangent distance

C
L
R
A

Chord length
Arc length
Radius
Central angle
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R = 223181
A = 45°30°23”
BA = 22°45 117
C = 172636
T = 93.602
L = 177258
Sector area (7) = 19,780
Segment area (=) = 2,015
Fillet area (=~) = 1,110
LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program EE:
2 c a1
3 | if central angle known" A E
4 | If radius known® R E:
6 | Optional: Compute area EE Sec Area
6 | Optional :] Seg Area
7 | Optional G Fil Area
. 8 | Compute curve solution EE: R
0 I3 '
10 CRE3C ] »a
" [T |
12 73 |
13 T30 | I

*Input central angle or radius, not both.

Lines 5-7 can be executed any time after initial parameters are entered.
For new case go to line 2.
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ELEVATIONS ALONG A VERTICAL CURVE

AVERTIGAL GRne SURV +13A
~ STA-  _NEXT X-MIN ELEV-STA (5]
g&ne%)gsevu STATION msom SOLN &

This program computes elevation at any specified station along a
vertical curve as well as the elevation at the highest or lowest point
on the curve and the station at that point. Program inputs are
beginning and ending grades, length of curve, the station and

elevation at the beginning of the curve and station at which elevation
is desired.

In the program, stations are entered in the form xxxx.xx for station
xx +xx.xx, For example, 20 + 10.00 is entered as 2010.00.

Formulas used:

Elevation at any station = % AZ? + G, Z+E,
Distance in stations from beginning station to station of lowest
elevation = -G, /A
Where: E, = Elevation at beginning of curve
Z = Distance in 100 foot stations - measured from
beginning of curve
= Grade in % at beginning of curve
G, = Grade in % at end of curve
A = 100(G,-G,)/L
L = Length of curve in feet

G,

-2

REFERENCE LEVEL

(IN STATIONS)

L E T o
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—1.065%
1.600%

G, (Beginning Grade)
G, (Ending Grade)

L (Length of Curve) = 340 ft.

E, (Elevation at G,) = 614ft.
Beginning station = 17+ 00.00

STATION

18 + 00.00
19 + 00.00
20+ 00.00
20+ 40.00

Station of lowest elevation = 18 + 35.87
Lowest elevation = 613.276

ELEVATION (E)

613.327
613.438
614.332
614910

LINE INSTRUCTIONS DATA KEYS DISPLAY

]

-

Enter program

grace 1| a JC_]

Input begin grade in %

Grade 2 E]' |

{nput end grade in %

Input beginning station Beg Sta

Input beginning elevation Eo E
Input curve length L E
Input station Sta :]

{f seeking max or min elev

wololvwla|o | &w N

i Elev
Compute elev solution

Lines 7-10 may be repeated if there are no changes in data entered in lines 2-6.
Lines 8-10 may be executed any time after initial curve data is entered.
For a new case go to line 2.
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HORIZONTAL CURVE LAYOUT

|

HORIZONTAL CURVE LAYOUT

RADIUS

PC STA JNEXT DEFL ANG CHORD

STATION

SOLN

SURV1-14A E:B

SOLN

Given the curve radius, the point of curvature station (P C) and the
station on the curve, this program computes deflection angles from
the tangent and long chord lengths from the point of curvature.

If regular stationing intervals are used, the short chord will remain
constant, thus eliminating calculation of the chord for all but odd

interval stations,

In the program, stations are entered. in the form xxxx.xx for station
xx + xx.xx. For example, 20 + 10.00 is entered as 2010.00.

Formulas used:
Deflection/ft. = 90/nR
Deflection angle = L (Deflection/ft.)
Short chord = 2 R sin (Deflection angle)
Where: R = Radius
L = Arclength
Example:

Radius = 900.00 Ft.

Station

12 + 57.000
12+75.00
12 + 88.50
13 + 00.00
13+ 25.00
13+50.00

Arc length =

Arc
Length Deflection

(Point of Curvature, PC)
18.00 00° 34’ 227
31.50 01° 00’ 10”
43.00 01° 22 07
68.00 02° 09’ 52”
93.00 02° 57" 377

Difference in stations

Long
Chord

18.00
31.50
43.00
6798
92.96

A
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DEFLECTION

LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program 1
2 R 2
3 resw (8 ] ]
s se e T
& | Compute deflection angle CoJ]| oetiang
8 | Computs chord fength CE 0} chor

Repeat lines 4-8 for successive stations. PC Sta may be changed sny time by execu-

ting line 3. For new case start at line 2.
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TRIANGLE SOLUTION-—~GIVEN SSS OR SAS

LINE INSTRUCTIONS DATA KEYS DISPLAY

1 | Enter program :‘:]

eSO oay GeN SURV 1'15A
SIDE  ANGLE 5%

Side E:

if side angle side Angle E

siee (a1

This program computes the area and the unknown sides and interior

angles of two cases of triangles-—-one which requires three sides to be

If side side side Side [I][:

known and the other which requires two sides and the included
angle to be known.

;|| s W N

1 side side side soln desired eI sice

7 | If side angle side soln desired EB Side

If one case is to be solved immediately after the other, the known

parameters must be reentered.

° Cas I sice

Formulas used:

10 -R/S | Opp Ang

Area = % BCsinc

1" Ej Side

A2 = B2+(C2-2BC cosa

12 Crs ]| oep ang

Hhere: g : t::::: g: :::ll: g 13 | Compute area ES Area
C = Length of side C For new case start at line 2.
a = Angle opposite side A
¢ = Angle opposite side C

Example:

3322.312
AREA = 3,139,466

gs
AR
£=3
7
Exs
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TRIANGLE SOLUTION —GIVEN SSA

Solution B

79° 17° 17,

TRIANGLE SOLUTION-GIVEN SSA SURV +16A
SIDE  ANGLE SOINA sone SBEA

This program computes the area and the unknown sides and interior
angles of a triangle in which two sides and a non-included angle are
the known parameters. Both possible solutions are calculated
without reentering the known parameters.

39° 21° 31" (KNOWN)

2766.994 81° 21" 12
AREA = 2,168,310

Formulas used:

LINE INSTRUCTIONS DATA KEYS DISPLAY
Area =% BC sinc¢

A?=B*+C? -2 BCcosa 1 | Enter program L |
Where: A = Length of side A 2| Side EE
B = Length of side B . [ |
Side
C = Length of side C 3 ' II][::]
a = Angle opposite side A 4 | Input ang opposite 2nd side | Angle
b = Angle opposite side B 5 | if soln A desired Ce 1T sis
¢ = Angle opposite side C & | 1 soim B desired o] side
Example: 7 [rs 1) ompam
) Side
Solution A 8 E
— . [ J| v

(s 0| sie
Crs ]| oveam
12 | Optional: Compute area E:IE Area

If siternate solution desired, go to line 5 or 6.
*For oblique triangles input longest side first.
For new case start at line 2.

LEEEEEEEIT
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TRIANGLE SOLUTION-~GIVEN ASA OR AAS

£ SOLUTION.GIVEN SURV +17A
soe  anae {8 M3 AR &

This program computes the area and the unknown sides and interior
angles of two cases of triangles—one which requires two angles and

the included side and the other which requires two angles and a
non-included side.

If one case is to be solved immediately after the other, the known
parameters must be reentered.

Formulas used:
Area =
Afsina =
Where:

Bfsinb = C/sinc
Length of side A
Length of side B
Length of side C
Angle opposite side A
Angle opposite side B
Angle opposite side C

Example:

101° 00’ 00"

=

O

Surveying 1—1

7A 51

LINE INSTRUCTIONS

DATA

KEYS

DISPLAY

-

Enter program

CC

Angle

Ce 1l

if angle side angle

Side

Angle

CARIEAEY

if angle angle side input side

opposite second angle

Side

If angle side angle soln desired

Side

If angle angle side soin desired

Side

Opp Ang

wloowl v o

Side

Opp Ang

Side

Opp Ang

13 |Compute area

Area

For new case start at line 2.
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BEARING-BEARING INTERSECT

BEARING-BEARING INTERSECT SURV +18A
RPN L ol dS5

This program computes the point of intersection coordinates of two
lines for which the bearing of each line is known and the coordinates
of a point on each line are known.

Formulas used:

N = ((E,-N, tan Az,)—
(E2—N, tan Az,)) / (tan Az,—tan Az v
E = E,;-N, tan Az, + N tan Az,

Where: Az; = Azimuth of line 1
Az, = Azimuth of line 2
N;.E; = Northing, easting of point 1
N, E, = Northing, easting of point 2
N,E =

Northing, easting of intersect point

NOTE: Program will not give a solution if one of the bearings is due
east or west

Example:

o g R P

Surveying 1-18A 63

LINE INSTRUCTIONS DATA KEYS DISPLAY
1 Enter program D:
2 [ (-
3 g, [CA1C ]
4 N, (e
5 e eI
6 et LI
Y audt e 01
8 ev2 [0 JC ]
9 awd2[ 0 1

10 | Compute intersect coord CEC | ~

73—

For new case start at line 2.
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BEARING-DISTANCE INTERSECT

BEARING-DISTANCE INTERSECT SURV 1+19A
POINT1 POINT2 LINE1  LNE 2 N-E
N-E N-E = BRG-QUAD DIST SOLN @

This program calculates the coordinates of the point of intersection
of two lines—one of known bearing through known coordinates and

the other of known length from a point of known coordinates. Both
solutions are computed.

The far solution is obtained by entering the bearing from point 1,
and the near solution by entering the bearing into point 1.

Formulas used:

= @ 2B
Azy, = tan N,—N,
h = Dist;, sin¢
b = VDist,? - h?
N = N; +( (Dist12 cos ¢) +b) cos (Az,)
E = E, + ((Distlz cos ¢) +b) sin (Az;)
Where: Az,, = Azimuth of line from point 1 to point 2
Az, = Azimuth of line 1
[ = Angle between line 1 and line from point 1 to
point 2
h = Perpendicular distance from point 2 to line 1
b = Distance from point of intersection to the point
where the perpendicular (h) intersects line 1
Dist, = Length of line 2 (the known distance)
N,.E; = Northing, easting of point 1
N;,E; = Northing, easting of point 2
Dist;, = Distance from point 1 to point 2

LTI LT
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Example:
N_= 693210
=
- —
(NEAR SOLUTION— /
BEARING ENTERED AS SW) |
N_= 3203
£ 360.000
N, = 300.000 ’
E, = 200.000
LINE INSTRUCTIONS DATA KEYS DISPLAY
1 Enter program L_“__I
2 N, CaJC]
3 g, [CA ]
4 [ [ —
5 e, e 1]
6 et [Cc I
7 auea 1+ JC__]
8 b2 |L 0 L]
9 | Computs intersect coord EE: N
10 [ R/S " j ] E

*There can be two solutions. To obtain the ‘near’ solution, enter the bearing as
into point 1; for the ‘far’ solution, enter the bearing as away from point 1.
For new case start at line 2.
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DISTANCE-DISTANCE INTERSECT
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DISTANCE-DISTANCE INTERSECT SURV 1-20A

POINT 1 POINT2 LINE 1 LINE 2 N-E 5
N-E N-E DIST DIST SOLN =

iven two lines, each of known length and originating from two
nown points, this program computes the intersection coordinates.
here are two possible solutions; this program calculates the one
und by proceeding in a clockwise direction from the first known
oint to the second known point. The other solution is found by
versing the entry of the known point coordinates.

N, = 17.382
€, = 147.747

NOTE: Computed solution is always clockwise from point 1
to 2. For alternate solution, start at Point 2.

ormulas used:
Dist, ;2 + Dist, 2 - Dist,? LINE INSTRUCTIONS DATA KEYS DISPLAY
- -1
eos 2 (Dist,) (Dista) Enter program ]
E._E R [ —
2= nt At & Call ]

[ | B —
e \[e JC 1
oist1 [Ce JC__]
o2 (o J—_1
Computs intersect coord ED N

= N, +Dist, cos (Az - ¢)
E, + Dist, sin (Az - ¢)

here: ¢ = Angle between line 1 and line 12
Dist;2 = Distance from point 1 to point 2
Dist; = Known distance along line 1
Dist, = Known distance along line 2
N;.E;, = Northing, easting of point 1
NE = Northing, easting of intersection point
Az Azimuth of line from point 1 to point 2

oo |vw|lo|alalwiNn

For new case start at line 2,

g e e
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DISTANCE FROM A POINT TO A LINE

DISTANCE FROM A POINT TO A LINE

SURV 1-21A

BASE LINE N-E DIST
N-E BRG-QUAD OiiF_SEET SOLN SOLN E

Given a point of known coordinates with a line of known bearing
passing through it and a second point of known coordinates, this
program calculates the offset distance from the second point to
the line, the distance from the intersection to the first known point,
and the coordinates of the intersection.

Formulas used:
Dis‘so = ‘/(No_Na)z + (Eo_Es)z
Dists) = v/ (No - Ny)2 + (Eq - E;)2
N - Ep-Eg +Npctn (Azg,) + Ng tan (Azg,)
! ctn (Azg) + tan (Azg,)

E, = Eg +(N; - Npg) tan (Azg,)
Where: Distg, = Distance from base point to offset point
Distg, = Distance from base point to intersection point
Dist,, = Distance from intersection point to offset point
No. Ey = Northing, easting of offset point
g Eg = Northing, easting of base point
1»Ey = Northing, easting of intersection point
AzBl = Known az from base point to intersection point

A SRS
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Example:
)
K
Y
A\ "X
%,
\\ ‘746
\ «‘
\
> 000
OFFSET :_——1:4’:3000
N _150.000
BASE E 320.000
LINE INSTRUCTIONS DATA KEYS DISPLAY
1 Enter program l.__"_]
2 gmen LA |
3 suee AT ]
. ee (B JC_]
5 aua B JC ]
6 omen [ ]
7 ote|L_c I |
8 | Compute intersect coord m: N
9 (e I ] E
10 | Compute distances EE Off Dist
1 Cas 7] intoist

For new case start at line 2.
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Surveying 1—22A

TAPING CORRECTIONS

This program will apply corrections for tension, temperature, slope,
correction index and sag to yield a corrected horizontal distance as
measured with a steel tape. Inputs are slope distance and either zenith
angle or difference in elevation for each unsupported successive
length. Tape constants are stored in the program; however, the pro-

gram can be customized for any tape by changing the constants
stored in the program.

The specified tape constants stored are:
Tape Standardization Tension 20 lIbs.
Tape Standardization Temperature 68°F
Tape Correction Index 0.000 ft/100 ft
Tape Unit Weight 0.014 Ibs/ft .
Tape Coefficient of Thermal Expansion 6.45 x 10™¢ 5

Tape Area x Modulus of Elasticity 3.0 x 10° ibs.

To customize the program for any tape, use the following sequence
to change the stored tape constants:

1.

Enter program

2. Switch to program mode (W/PRGM)—00 00 should be

6.

9.

displayed

3. Press [BJl five times—00 should be displayed
4,
5. Press keys to enter tape standardization tension e.g.,

Press[9] [DEL] two times—33 03 should be displayed

Ol B s,
Press BX] four times—05 should be displayed

7. Press (8] [DEL] three times—51 should be displayed
8.

Press keys to enter tape area x modulus of elasticity e.g.,

B){2)[EX) (3] (32 x 10* 1bs.)
Press REM five times—00 should be displayed

G- 0- 00

10.
11.

12.
13.
14.

15.
16.
17.

18.
19.
20.

21.
22.
23.
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Press (9] four times—81 should be displayed
Press keys to enter correction index per 100 ft e.g.,

(10 0] 2 (-0.012 ft/100 ft)
Press BX3j eleven times—08 should be displayed
Press [8] two times - 12 should be displayed
Press keys to enter tape standardization temperature e.g.
(] (69°F)
Press i3] seven times - 08 should be displayed
Press [g] six times - 51 should be displayed .
Press keys to enter coefficient of thermal expansion
eg.[6] (669 x 1.0 8/ oft)
Press twelve times - 04 should be displayed ]

i - isplaye
Press [g] four times - 33 06 should be disp!
Press keys to enter unit weight of tape e.g. [+] [0]:(1]
(.018 1bs/ft) '
Record changed program by inserting blank card in reader siot
Switch to run mode
Enter changed program and test

NOTE: The total number of keys pressed to enter tape constants

must not exceed 30. The above examples show 23.

To change program to accept vertical angles instead of zenith angles,
use the following sequence:

WO NAWNBAWN=

. Enter program

. Press

. Switch to program mode (W/PRGM) - 14 should be displayed.

Press 83 four times—04 should be displayed

. Press{9] one time—31 should be displayed

Press )
. Record changed program by entering blank card in reader slot
. Switch to run mode
. Enter changed program and test
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Formulas used

Cc = C,L/100

Ce = L(P-P,)/AE

Cy = CxL(T-T,)

Cs = W2 L3/24 P2

Corrected S Dist = § Dist +Cc+Cp +Cy +Cg

H Dist = (Corrected S Dist) sin (Znth ang)

H Dist = /(Corrected S

Where: P = Tension on tape in pounds (pull)
P, = Standard tension in pounds
A = Cross section area of tape in square inches
E = Modulus of elasticity for the tape material
Cx = Coefficient of thermal expansion for the tape
T = Temperature at time of reading in °F
T, = Standard temperature in °F
W = Weight of tape per foot in pounds
L = Distance between supports in feet
Cc = Index correction
Cp = Correction for tension
Cy = Correction for temperature
C =

Correction for sag
Znth ang = Zenith angle
Ci = Tape correction index

Dist)? - (A Elev)?

in ft/100 ft.

Example:
ZNTH Ca
)\
3> AELEV
H DIST Y
ZNTH ANG KNOWN A ELEV KNOWN

Pull = 25 Ibs Pull =25 Ibs
Temp = 88°F Temp = 88°F
S Dist = 100’ S Dist = 100’
Znth Ang = 88° 00’ 00" AElev=3.49
H Dist = 99.941 H Dist = 99.941
S Dist = 75.35 S Dist = 75.35
Znth Ang =90° 00’ 00" AElev=0
H Dist = 75.355 H Dist = 75,355

Z H Dist = 175.296

I HDist=175.296 _

/g g g

Return to line 2, 3, or 4 for next length.

For new case, press [} and start at line 2.
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LINE INSTRUCTIONS DATA KEYS DISPLAY

1 Enter program r—_]r-j

2 | Optional after first entry eat (A 1

3 | Optional after first entry e 8 JI 1

4 soe ([ c I

5 | It zenith angle known znangl[_ D il __J H Dist

€ | Optional {after line 5} rTiTS—“—j I H Dist

7 [ 1f elevation diff known A Elev E_E__JL__] H Dist

8 | Optional (after line 7) Cas JL____Ji ZHDist
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EDM SLOPE REDUCTION
GIVEN ZENITH ANGLE

MSSERASI O SURY 1204

sosT avmave WO N LB

This program reduces slope distance to horizontal distance at the
instrument elevation and at sea level and gives the difference in
elevation between two stations. The program will correct for the
differences between the heights of the instruments and the heights
of the targets. Corrections due to the curvature of the earth and the
refraction of light are obtained by multiplying a derived constant
times the horizontal distance. The value used for the coef-

ficient of refraction is 0.071.

Formulas used:
Z,

= Z-c4r +Sin—1[ASin(Z—2c+r)]
S

Dist

., - SDist . _ R
HDist = cos ¢ Sin Z,-0 [r + E]
SBlev = S8 i 7 4 (oI DM - HT Ry
¢ =14X1077SDistsinZ from%z%
r = 2X 1077 S DistsinZ from 2071 S DistsinZ Dist;inl 1870
Where: S Dist = Slope Distance
A = Zenith angle
z, = Zenith angle corrected for c & r and A
HDist = Horizontal distance
AElev = Difference in elevation

[

Bmm=

Zenith correction due to earth’s curvature in-
degrees

Correction due to refraction in degrees
20,906,000 ft, (radius of earth)

Elevation of instrument

Height of DM—Height of Reflector—Height of
Theodolite + Height of Target

==L
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TGT &
RFT STA
Example:
/\‘/\\/ 14
W seA CeveL A
Slope Distance S Dist = 1(5)’% t;‘:
E = 5, .
Instrument ft.
1231;:";: An:gle Znthang = ’;5:200 00
Height of DM HI I;L:t -5
Height of Reflector HT o3 ._96
Height of Theodolite HT Theo o3 .34
Height of Target HT Tgt - 9.657,8 "
Horizontal Distance (E) H D%st o
Horizontal Distance (SL) H Dist - 2590.631
Elevation Difference A Elev X
LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program | " |
2 som |CAIL
3 e &
4 zan 8 JC ]
. T (A
7 e ([
) v Lo L]
E
9 [Compute horizontal distance CeJC_J|noisc ))
SL
10 |Compute H Dist (sea level) [Rs )| o
" |c difference (s Il ]| & Etev

Fuwmwwtlmz.
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EDM SLOPE REDUCTION
GIVEN A ELEVATION

BT SURV 1-24A
SDIST HIDM HTRFT aeev  HDIST

Taking into consideration the curvature of the earth, this program
reduces slope distance to horizontal distance at the instrument
station elevation. The program assumes the slope distance between
two points having known elevations was measured using an
Electronic Distance Measuring Instrument. As options, the program
will reduce the slope distance to a horizontal distance at sea level,
and to a horizontal distance a

t any specified elevation. The value
used for the radius of the earth is 20,906,000 feet.

Formulas uged:

[ G D) -('Bzi-HTRt—El-HlDM)] [ ]
H Dist = R+E
J R+E, +HIDM) (R+E, + HTRRY)

Where:

SDist = Slope Distance

E, = Elevation of Instrument Station

HI DM = Height of Instrument

E, = Elevation of Reflector Station
HtRft = Height of Reflector

R = Radius of the Earth (20,906,000 ft.)

E = Elevation of Horizontal Distance
HDist = Horizontal Distance

L LT

-
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RFT
; STA
Example: \i
Hr RFy
w H DIST (E)) E,
€. e
\ — DIST
L (SE.; LEVEL) /
R
® 1
\ SDist = ;01,200 ft.
Slope Distance TOM = 5.
opaprt HT Rft = 5.75
Height of Reflector E, - 000,00
Elev at DM Station B - 3300.63
Elev at Reflector Station B - 5000
Specified Elevation B st = 9657834
Horizontal Distance (E,) o - 0657372
Horizontal Distance (Sea) Level) o = 9658.296
Horizontal Distance (Eg
ISPLAY
LINE INSTRUCTIONS DATA KEYS D
1 Enter Program El l
S Dist lj‘__l
2 L.—‘
3 wom |8 L]
wrae L T
4
5 Input elevation at DM station E, EE
6 Input elevation at Rft station  |E, EI I
2] | l
7 Optional Es E_l r—
horizontal di E_"___.J
. ; i - | R/S " I H Dist(SL}
9 Om-on-: [Rs JC_|H Dintes)
10 Optional

For new case go to line 2.
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FIELD ANGLE CHECK

FELDA'GLEC’EK
DEFL
reFaz NG DERL

This program accepts a reference azimuth and field angles at each
point in a traverse. The ficld angles are converted to bearings for
each leg. At closing, the final leg is compared to the reference

azimuth and the angular error of closure computed. The program
can also handle traverses between two points.

SURV 1-25A
N MBS

Formulas used:
Angular error = (Reference azimuth — 180) — Last
course azimuth
Angular correction = — Angular error/Number of angles
Example:

Reference Azimuth =
Last Course Azimuth =
Angular Error = 00° 00’ 08”

Angular Correction (to be applied to interior angles) =
—00° 00° 02”

193° 30° 00”
13°29° 52

g/ e s o g
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LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program C I
2 | Input Ref Az away from pt Ref Az EE
3 | 1t angle right amRe (B L]
4 | If angle left AngLt [cs ][ 8 ]
& | 1# defiection right petiRe [ € JL_
6 | 1f deflection left pefiLt [[cHs JL c ]
7 | Optional: Compute courss brg o] s«
8 | Optional: Computs quad code [rs JL___J| auwd
9 | Optionak: C imuth (e J__J| A
(Repeat lines 3-8 for each 31—
coursa) [
10 | Compute angular error [EE Ang Error
1 Crs ]| anacorr

if checking traverss bstween two points, the closing reference azimuth is entered
viakey A; angular error is then obtained at fine 10.
To run another problem, press (] (8F1) then return to line 2.
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STADIA REDUCTIONS

STADIA REDUCTIONS SURV 126A

STATION TH ROD _ DIST-ELEV
ELEV-Hi ZAEP%LE IM%L READING  SOLN @

This program computes the elevation of and horizontal distance to
points from an instrument station using stadia methods. Required
inputs are the height of instrument, the zenith angle, the rod reading,
and the rod stadia interval,

The program assumes stadia constant = 0, and stadia interval factor (K)
=100.
Slope angles are assumed to be entered as zenith angles. To change the

program to use vertical angles, the following sequence must be
followed:

1. Enter program

2. Press 9 B

3. Switch to program mode (W/PRGM) - 12 should appear in the

display

4, Press (single step) 6 times - 51 should appear in the
display

S. Press ’@ - 35 07 should appear in the display

6. Press four times - 03 should appear in the display

7. Press [9] twice - 35 00 should appear in the display

8. Record changed program by inserting blank card in reader slot

9. Switch back to run mode

10. Enter changed program and test
Formulas used:

H Dist =K s cos? (V ANG)

V=%Kssin 2 (V ANG)

Pt Elev = HI + V—Rod reading + occupied station elevation
Vert Ang =90—Znth Ang

Where: K = Stadia interval
s = Rod interval

Vert Ang =

v =
HI =

Example:

( ZENITH ANGLE
C

v

Surveying 1—26A n

Vertical angle of line of sight (0° is horizontal)
H Dist = Horizontal distance
Vertical distance

Height of instrument

ROD
INTERVAL

I

B

Is

| A ELEVATION

! H —
NTAL
POINT| |ZENITH| ROD ROD _|HORIZO|
NO. [HI|ANGLE |INTERVAL | READING | DISTANCE |ELEVATION
491.0
Oce St 5.2
1 s | 328 74 326.91 489.96
2 s | 3m 8.1 330,90 4oz
3 90°00 | 408 88 408.00 pred
N 91°06 | 451 5.2 46083 482.34
5 86°15' | 129 5.2 12848 499.42
s e | 120 8.2 11051 520.39
7 760 | 131 5.2 123.18 522.09
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LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program E::
2 suel A ]
4 Znang [ ]
8 | If rod reading # Hi Resding([_ D J[___]
7 | Compute di and el E: H Dist
8 | Optional LR peeiev

For additional points from same instrument station, repeat lines 4-8.
For new case start at line 2,

g

Notes

Surveying 1-26A
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74 Surveying 1-27A
THREE WIRE LEVELING
THREE WIRE LEVELING SURV +27A
e S&R  5R aSSke sow

After the initial entry of the starting elevation and stadia interval
factor (if it is not 100), this program uses the upper stadia hair,
crosshair, and lower stadia hair readings to provide the elevation

difference, elevation of final point, backsight distances and foresight
distances.

If no stadia interval constant, K, is entered, the value used by the
calculator is 100.

Formulas used: U+C+L U+CHL
+C+
El = + -
ev2 = Elevl+[ 3 ]BS [ 3 ]FS
Dist = K[Z BS % stadia intv + T FS % stadia intv]
Check = 2C-U-L
Where: U = Upper reading
C = Center reading
L = Lower reading
BS = Backsight
FS = Foresight
K = Stadia constant
Example:
UCL |%STADIA| uctL % STADIA
NO OF READING (INTERVAL| READING | INTERVAL| ELEV
STATION | BACKSIGHT BACKSIGHYFORESIGHT (FORESIGHT| OF STATION
ELEV 5280.000
8.266 3.491
1 8.106 161 3320 an 284,783
7.940 .168 3.152 .108
8.119 5.221
2 2.320 .790 4436 .788 5287.074
6536 794 3,664 7
6503 3172
3 6.021 572 2631 541 5201.004
5.444 d 2,006 548
I = 3060 I = 2903

LLILereeenn
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Elevation Difference from Sum of Means is 11.064
Final Elevation 5291.064
Backsight Distance 3059
Foresight Distance 299.3
LINE INSTRUCTIONS | DATA [ KEYS li DISPLAY
1 |Enter program [_'___“___l
2 | Input starting elevation Elev EE
3 | Optionai: Input stadia interval -@
)
4 |1 backsight - e
6 |If foresight
6 |Input upper reading Upper ng
7 Input center reading EE:
8 |Input lower reading EE Chock_:__
[ =

(Repeat lines 4-8 for each set of

backsight and foresight readings)

9 |Optional: Read etev difference

[ |
I
.

10 |Optional: Read final elev

11 |Optional: Read sum of B8s

BS Dist
distances

12 |Optional: Read sum of FS

—(—

e e O
{Repeat lines 4-12 for successive - EE

I

| stations)

* Ditference between upper and lower stadia interval is displayed. Allows a check on

of reading )
F.:vc‘:':ywcue press 1] md start at line 2.
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SLOPE STAKING —
GIVEN CENTERLINE TERRAIN ELEVATION

SLOPE STAKING-GIVEN
CENTERLIQE TERRAIN ELEVATION SURV 128A —
DIST- TELEV H DIST
"B WER BT "R s

Using a previously located center line and the design cross section
to provide center line terrain and hinge point elevations, this
program helps in the setting of slope stakes. The program produces
a distance for the rod man to move from his present trial point to
a new trial point which should be very close to the catch point.

The trial point may be entered by either of two methods-—slope
distance and vertical angle or horizontal distance and elevation

difference. All input data is measured with reference to the center
line and its terrain elevation.

Slope is entered as a ratio to 1. For example, a 1%:1 slope is

entered as 1.5. Cut slopes are entered as positive and fill slopes as
negative.

Formulas used:

E =HG Dist + Slope (T Elev—HG Elev + Ah) — H Dist;

H Dist,,, = HDist; + E (until E<0.1)

4h = S Dist sin (V ANG)

H Dist = S Dist cos (V ANG)

Where: HG Dist = Distance from centerline to hinge point
TElev = Terrain elevation at centerline
HG Elev = Elevation at hinge point
Ah = Elevation difference from T Elev to trial point
HDist; = Horizontal distance from centerline to trial

point; it is varied until tolerance is reached.

E = Error term
SDist; = Slope distance from centerline to trial point.
V ANG = Vertical Angle

Trrooeeoeon
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Example:

il H DIST (+} H DIST (+)
FILL cut

INPUT FILL CuUT
Horizontal distance to HG Dist +12 +18
hinge pt.
Slope (ratio of horizon-  Siope -15 +1
tal distance to 1)
Centerline terrain @ T Elev 5280.00 5280.00
elevation
Hinge pt. elevation HG Elev 5286.00 5282.00

TRIAL PT LOCATION (DATA FOR CATCH PT GIVEN)

Slope distance from S Dist 1240 +33.1

centerline to trial pt.
Vertical angle between
horizontal and slope
distance line
Horizontal distance
from centerline to trial
pt.

Elevation difference
between centerline
terrain elevation and
trial pt. elevation

Vert Ang -4° 46  +25°00°

H Dist +24.0 +30.0

Ah -2.0 +14.0




78 Surveying 1-28A
LINE INSTRUCTIONS DATA KEYS DISPLAY
1 |Enter program EL_]
2 HGDist|[ A || |
3 |Ratio to 1;fill {-), cut (+) sope (A L]
4 Creed[ 8 ]
5 weew|[ 8 JL ]
6 |15 Dist & V Ang known soe |[Cc ]
7 |1£S Dist &V Ang known vag [Cc I
8 |1t H Dist & Ah known woise ([ L1
9 |11 H Dist & Ah known An Le II__1
10 |Compute move required to reach C—1C3
catch pt (+ move away from €; T
- move toward §) € 3| caen Dist
11 |Optional: Compute H Dist to € E:I Distto €

For new case start at line 2.

Jrooeeeeeen

Notes

Surveying 1—28A
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SLOPE STAKING -
GIVEN CENTERLINE CUT/FILL

SRR SURV 204 _
HGQIST Gcomr PG MRS sow 5

Using a previously located center line and the design cross section to
provide cut or fill at center line and vertical drop from center line
elevation to hinge point elevation, this program helps in the setting
of slope stakes. The program produces a distance for the rod man to

move from his present trial point to a new trial point which should
be very close to the catch point.

The trial point may be entered by either of two methods--slope
distance and vertical angle or horizontal distance and elevation
difference. All data is measured in reference to the center line and its

terrain elevation.
Slope is entered as a ratio to 1. For example, a 1%:1 slope is entered
as 1.5. Cut slopes are entered as positive and fill slopes as negative,

Formulas used:

E = HG Dist + Slope ((cut or fill) + V drop + Ah)—H Dist;
HDist;,, = HDist, +E (until E<0.1)

Ah = § Dist sin (VANG)

H Dist = S Dist cos (V ANG)

Where: HG Dist = Distance from centerline to hinge point
Cutor fill = Depth to final grade at centerline; fill
designated by negative sign
VDrop = Vertical drop from centerline elevation to
hinge point

Ah = Elevation difference from centerline eleva-
tion to trial point

Vertang = Vertical angle from centerline elevation to
trial point

H Dist; = Horizontal distance from centerline to
trial point

S Dist; = Slope distance from centerline to trial point.

VANG = Vertical Angle

5
:

o
E.-I:E
?
2
=

81

Surveying 1-29A
Example: cut
FILL
| H DIST (+) HOIST o)

INPUT .
Horizontal distance to HG Dist
hinge pt.

Slope (ratio to 1) Slope ]
Centerline cut (+) or € cor
fill(-)

Vertical drop from ¢ V Drop

CATCH PT. LOCATION .
Slope distance from S Dist
centerline to trial pt.

Vertical Angle between  Vert Ang
horizontal and slope

istance line '

::ﬂzmtd distance from H Dist
centerline to trial pt.

Elevation difference Ah
between centerline

and trial pt.

FILL
12

-15
-3.75

+0.25

2442

-10°37

240

-45

CuT
18

-3.75

+4.25
3473

22°52

+320

135
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LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program DD
2 HGDim||_ A || ]I
3 |Ratoor,fin¢) ettt Isiope (LA JL_J
4 &corqCe _JC_J}
5 vorop |8 ]
8 [11SDist& VertAngknown IspDmt {[c_J[___]
7 |1SDit& VertAngknown  (Vang [Cc ]
8 | 1f H Dist & Ah known woiss ([0 J__ ]
9 | 17 H Olst & Ah known (o ]
10 | Compute move required to | I |
reach catch pt (+ move away L1 1
from &; -move toward €) ED D to Catch
11 | Optional: Compute H Dist to & (s T Jlostw®

For new case start at line 2,

O T

Notes

Surveying 1-28A

83




84 Surveying 1—30A

AZIMUTH OF THE SUN
AZMUTH OF THE SUN SURV 1-30A
T20NE DR LaTTUDE VERTANG AZMUTH

This program will yield azimuth of the sun from solar observations
Data wmch are entered here are assumed to be mean values 'th'
appropriate corrections made where necessary prior to operatio:lof
the program. Since the result is the sun’s azimuth from north, it is
left to the observer to add or subtract the angle turned to a bac;k it

to determine the azimuth between two points. e

Formulas used:

Az=cos-! [$in8 —sing sin (V ANG)
[ cosé cos(V ANG)

Where: Az = Azimuth from north
] = Hr diff (Time + T Zone) + Declination
¢ = Latitude of observer’s position
Vert ang = Vertical angle to sun

LT OO0
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AZIMUTH

Date: 18 July 1973

Time of observation: 15 hrs 38 min 37 sec (EST)
Longitude of standard meridian (time zone): 5 hrs
Declination at 0 hrs. (ephemeris): 21° 05° 36"

Hour difference in declination (ephemeris) -00° 00’ 26.4"
Latitude (¢): 43° 00" 34" N

Mean corrected vertical angle to sun: 33° 34’497
Calculated north azimuth of sun: 268° 07 54"

Input all angles as degrees, minutes and seconds in the form
DDD.MMSS. Times are based on a 24 hour clock and are input as
HH.MMSS (4 pm becomes 16 hours).

If the declination is North—it will have a positive value, and if the
declination is South—it will be negative.

If the declination is on the increase, the hour difference will have
a positive value, and if the declination is on the decrease, the hour
difference will be negative.

KEYS DISPLAY

C_ I
Tme LA
Tzon AL
Decin (8 JC__J
Hraitt (8 Q|
w CelC ]
R (e [
CEdL_Jisna

LINE INSTRUCTIONS DATA

1 Enter program

Input local std. time

olivw|alajsjw N

Computs north Azimuth of sun

For new case start at line 2.
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PREDETERMINED AREA—LINE THRU A POINT

PAT2 src-oup JE, B

v
)
1

SURV 1-31B ]

This program solves one of the two cases of specifying the area of a
land parcel, namely, that of hinging a side. First, the user breaks the
area into a triangle and then uses this program to hinge the side to
force the area to a predetermined value. Required inputs are the
coordinates of the two known points, the bearing of the second side
and the desired area. Qutputs are coordinates of the unknown point.

In the example below, the coordinates of point 3 are unknown. A
line passing through point 1 (the hinge point) will intersect at only
one place on the line 2+3 which satisfies the area requirements.

Formulas used:

Area = % (b) (h)

h = asind

Area = % (b) (asin 6)

a - 2Area
b sin 6

N = N; +acos(Az)

E = E,+asin(Az)

Where: b = Length of line 12
h = Height of the triangle
a = Length of line 23
6 = Angle 123
Az= Azimuth of line 2-3

RISy

AT
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Example:
3 N = 1394.654
760.092
N, = 1200.000
E, = 600.000
= 1100.000
2 E; = 900.000
LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program [:E:
2 A LA L]
3 v (Ce
4 g |(Ce L1
5 N, (e JC ]
6 e |CeJC]
7 P (e —
8 Quad EE
9 | Compute solution %JLE N

For new case start at line 2.




88 Surveying 1—-32A
PREDETERMINED AREA —

Surveying 1—32A 89

TW ¢ = Angle between base 1 and side 2 (Angle 2)
O SIDES PARALLEL r, = Length of side 1
1, = Length of side 2
ARALLEL = i Angle 4)
REQUIRED BASE PARALLEL @' = Angle between base 2 and side 1 (
0" 3“31’ ANGLE O msgm T32A 2 ¢' = Angle between base 2 and side 2 (Angle 3)
AREA” LENGTH SIDE1  SIDE2 SOWN

Example:
4 BASE2=-128.110 3

This program solves one of the two cases of specifying the area of a
land parcel, namely, that of sliding a side along a fixed bearing. First,
the user breaks the area into a trapezoid and then uses this program
to slide the side to force the area to a predetermined value.
Computed values include the lengths of the non-parallel sides, the
length of the second parallel base and the angles formed by the

intersection of each non-parallel side with the second base (angles 3
and 4 in diagram).

In the diagram, base 2 (side 4-3) is the side being moved.
Formulas used: LINE INSTRUCTIONS DATA | KEYS | DISPLAY
:rea i :ﬁ (blhh * bz h) 1 Enter program E_“‘_
), = b, —h(ctnd +ctng) " ares (LA ]
Area = % (b h+ (b, ~h(ctn 6 + ctng))h) B[ ]
Area = b h'~% (ctn 8 + ctn ¢) b2 3 emet [ 8
W= by - v/b,? - 2A(ctn 8 + ctn ¢) 4 Ang 1 E:lg
ctnd +ctn¢ 5 Ang 2 ‘:D__.IL__I
:1 = :;sf": 8 | Computs length of 2nd base CE ) e
= h/sin
;, = 180-6 7 Compute non-parsilel side 1 :j Side 1
¢ = 180-¢ 8 | Compute non-parallel side 2 CRE ]| sise2
Where: A = Area 9 | Compute 2nd sngle to side 1 CRE ]| Anoies
b, = Length of base 1 10 | Compute 2nd angle to side 2 [ T
b, = Length of base 2 NOTE: This program will not solve a parallelogram.
h = Altitude of trapezoid (i.c. sides 1 and 2 parallel)
0 =

Angle between base 1 and side 1 (Angle 1) For new case start at line 2,

T T 0T
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VOLUME BY AVERAGE END AREA

VOLUME BY AVERAGE END AREA SURV 133A

cRifle el SRR STORY ‘RN

This program computes end area for any station, volume from
previous station, and accumulated volume to the present station.
Inputs are the elevations and distances from the centerline for all
points of a cross section and the interval from the previous station.

When entering elevations and distances from center line for a
particular station, start with center point (0,0). The storage registers
must be cleared between successive problems.

Formulas used:

Vavg = (Area, + Area ;) I/2
Area = % [Elev, (H Dist, - H Dist,)) +
Elev, (H Dist3 - H Dist, ) +
-+ .+ Elevy (H Dist, - H Dist,,_,)]

Where: Vavg = Average volume between two stations
Area = Cross sectional area at a station
H Dist = Horizontal distance from centerline at cross
section
Elev = Elevation at a point on the cross section
| = Interval between stations

Subscript i refers to current point
Subscript n refers to last point
Numeric subscript refers to point number

i

CENTER LINE

80
80

Surveying 1—33A 91

o STA
-80
-1 00
-10.0

7.0
=210 40
=170 o
8.
] 0
INTERVAL FROM
PREV STA
8 = 500

le— H DIST = 20.0
80
-3.0

1.0
200 ELEV =70

$TA|2 00
700
)
INTERVAL oo =22
-260 0
- 720 Ta s

STA AREA
1 0
2 216
3 321.5

areas and volumes.

- T

NEGATIVE H DIST <=—

INTERVAL
(F1)

25
50

s POSITIVE H DIST

VOLUME I VOLUME
(cubic feet) (cubic yards)

2,700 100
13,4375 597.7

NOTE: Traverse sections in clockwise direction to insure positive
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LINE INSTRUCTIONS DATA KEYS DISPLAY
1 | Enter program :G
2 | If station has zero area 0 EE
3 | if station has zero area go to E:
line 6 D:
4 | First and last point input ::
must be O elev at 0 dist e A1
5 Dist E
(Return to line 4 for next pt. D:j
Continue to line 6 when cross :]D
section complete) EE
6 | Compute station end area eI Jendam
(I station is first station in EE
problem, go to line 4 and input l__"_J
data for second station) :D
7 Intervel EED
8 | Optional: Volume from DD
previous station Ce 1T suvo
9 | Optional: A lated vol Les | Cu Ft
10 | Optionsl: Accumulated vol [es 1T Jlcuva

For new case, press (1] . and start at line 2.

RS R

Notes

Surveying 1-33A

93




94 Surveying 1-34A

VOLUME OF BORROW PIT

VOLUME OF BORROW PIT SURV 134A
mstur WL anev  EOER AL

This program calculates volume of fill which can be taken from a
borrow pit given grid dimensions and elevations at the grid
intersections. Volume is available for each grid section and also as an
accumulative volume for all previous sections.

If several grid blocks have the same horizontal dimensions, the sum
of the volumes of all these blocks can be calculated at once. This is
done by entering all of the elevations using the “C™ key before
pressing the “D” key to compute the volume. For example, if three
rectangular blocks have the same dimensions, the 12 elevations are
entered before pressing the “D” key.

Formulas used:

Vol, = % (Base) (Ht) (Elev)

Vol, = (Width) (Length) (Elev)

Where: Vol, = Volume of triangular grid section
Base = Base of triangle
Ht = Height of triangle
Elev = Elevation of grid section (depth of cut)
Vol = Volume of rectangular grid section
Width = Width of rectangle
Length = Length of rectangle

1
=
3

Surveying 1—-34A

Example:
" . ' 2.7 25" 2.4
31 12 23 25 g?g - 2]
2625.00 2275.00
CUFT CUFT
616.00
CUFT s’ %’ »
3.1 265 33 26" 2.0
1036.00 832.50
122 CUFT 122 CUFT 122
515.00/ S——
CUFT 38 25’ 36 25’ 22
TOTAL VOLUME: 10,457.88 CU FT
387.33 CUYDS
LINE INSTRUCTIONS DATA KEYS DISPLAY
1 Enter program | ATN || R/S |
2 | if triangular area Base EE
3 If triangular ares Height EE
4 If rectangular area Width E:
5 If rectangular area Length S
8 o | |
{Input as many elevations as DE
needed to describe each corner EE
pressing [C] after each [ " I
entry) - —
7_| Compute grid CodC ) cure
8 |c tated CEIC | cure
9 | Optional I'___] CuYds

For next grid section, return to line 2.
For new case, press i) [l and start at line 2.
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ABBREVIATIONS
AAS (Triangle) — Angle—Angle—Side
ACC Accumulated
! ADJ Adjusted
AL, Ang Lt Angle left
ANG Angle
AR, Ang Rt Angle right
ASA (Triangle) — Angle—Side—Angle
AZ Azimuth
BEG Beginning
BRG Bearing
BS Backsight
a C Center stadia reading on level rod;
also cut or chord length
¢ Centerline
COORD Coordinate
E CORR Correction
DECLIN Declination
DEFL Deflection ;
DEP Departure |
f DIFF Difference :
DIST Distance
DL Deflection left
DM Distance Meter
DR Deflection right
E . Easting :
EL Elevation ;
: ELEV Elevation 5
F Fill !
FIL Fillet |
FS Foresight :
I H Height
H DIST, HD Horizontal distance
H Height of instrument
- HG DIST Horizontal distance from centerline to

! hinge point



98 Abbreviations

HG ELEV
HR

HT

INST

INT
INTV

MIN

0ocCC
OFFSET, OFF
PC
PRCSN
PT
QUAD
R

REF
RFT
RT

SAS
SEC
SEG

S DIST, SD
SOLN
SSA
SsS
STA

T

T ZONE
TGT
TEMP

Hinge point elevation

Hour

Height of target; also height
Instrument (Theodolite or Transit only)
Intersection

Interval

Stadia interval factor

Length; aiso lower stadia reading on level
rod or arc length

Latitude

Pounds

Left

Maximum

Minimum

Northing

Occupied

Offset distance

Point of curvature

Precision ratio

Point

Quadrant code

Radius

Reference

Reflector

Right

(Triangle) — Side—Angle—Side
Section, also sector

Segment

Slope distance

Solution

(Triangle) — Side—Side—Angle
(Triangle) — Side—Side—Side
Station

(Curve) Tangent distance; also terrain
Time zone

Target

Temperature

ﬂ:#

‘ TOT
TRNSFRMD

i

UNADJ

VERT
VOL

ZA
INTH, ZN

HHHHAHA T

Abbreviations

Total
Transformed
Upper stadia reading on level rod
Unadjusted
Vertical
Vertical
Volume
Width
Zenith angle
Zenith
Difference or change in quantity or mea-
surement; also triangle or central angle

Rectangle

99
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Program Listings

PROGRAM LISTINGS

. Field Angle Traverse . . ... ..............

Bearing Traverse . . ... ................

. Closure for Field Angle and Bearing Traverses . . . . . ..

Inverse from Coordinates . . . ... ...........
Sideshots . .. ... ..........¢iuuneenn
Coordinate Transformation . . . ... ..........

. Compass Rule Adjustment . . . .............
. Transit Rule Adjustment . . .. .............
. Two Instrument Radial Survey . .. ...........
. Curve Solution—Given A& RorA&T .. ... .. ...
. Curve Solution—Given R& TorR&L . ... ... ...
. Curve Solution—Given A& CorR&C . . ... ... ..
. Elevations Along a VerticalCurve . . . . . ... ... ..
. Horizontal Curve Layout . . ...............
. Triangle Solution—Given SSSorSAS . .. ........
. Triangle Solution—GivenSSA . . .. ... ... ... ..
. Triangle Solution—Given ASAorAAS ... .......
. Bearing-Bearing Intersect . . . ... ...........
. Bearing-Distance Intersect . . . .. ...........
. Distance-Distance Intersect . . . .. ...........
. Distance FromaPointtoaLine . ............
. TapingCorrections . ... ................
. EDM Slope Reduction—Given Zenith Angle . . ... ..
. EDM Slope Reduction—Given A Elevation . . ... ...
. Field AngleCheck . ...................
. StadiaReductions . . . . . .. .. .. .. . ..
. ThreeWire Leveling . . .. ................
. Slope Staking—Given Centerline Terrain Elevation .
. Slope Staking—Given Centerline Cut/Fill . . . ... . ..
. AzimuthoftheSun . ... ................
. Predetermined Area—Line ThroughaPoint . . . ... ..
. Predetermined Area—Two Sides Parallel . ... ... ..
. Volume By Average EndArea .. ............
. Volumeof BorrowPit . . ................
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102 Surveying 1-01B I Surveying 1-02A 103
FIELD ANGLE TRAVERSE f BEARING TRAVERSE
CODE | KEYS | |coDE| kEYS | |CODE| KEYS Cooe| xevs | [cooe| kevs | [cope| kevs
23| LBL 000 33 | sTO INT 81 |+
1A 24 | RTN 61 |+ 2318t or | 08 |8
|t 23 | LBL 04 (4 33 08 | STO 8 08 |8 36 07 |9x@Y
43| REG ) 34 07 | RCL7 33 06 | STO 6 00 |0 33 |sTO
33 08| STO8 34 | RCL 84 | R/S E 33 03 | STO 3 71 |x 61 |+
33 06| STO6 099 34 04 |RCL4 o | RTN 61 |+ 07 |7
33 03| STO3 35 07 | g x2y 02 |2 23 | LL 33 01 |ST01 34 03 |RCL3
24| RN 32! 81 [+ 1A 24 | RTN 34 08 |RCL8
23| LBL 03 | »D.Ms 35 g R/S
11 A 311 06 | ABS E B lsos ﬁ b 338?3 sTO 3
33 07| STO 7 04 | sIN 84 | R/S 33 05 STOS 23 | 510 61 |+
33 05| STO§ 7| x o4 24 | RTN 0 71 |x
24 | RTN 24 | RTN 033 23 | LBL gg o 33 |sTO
23| LBL 23| LBL 05 |5 E 1218 00 |0 81 |+
1| A 15| E 06 (6 321 f s | RTN 04 |4
23| LBL 33 | sT0 000 03 | +D.MS 2 24 07 |RCL7
2|8 61+ 81|+ 24 | RTN 23 | LBL 84 |R/S
01 1 022 24 | RTN 23 |LBL el 24 04 |RCL 4
08| 8 34 01 | RCL1 35 01 | gNOP 13(C 34 02 |2
00| o 35 07 | g x2y 35 01 | g NOP 02 |2 o B ol
31| ¢ 32| ¢! 35 01 | g NOP 81+ 3507 | 9x 35 |g
02| D.Ms+ 01| Rop 35 01 | gNOP ar |t 12 (8 B0
23} LBL 33| sTO 35 01 | g NOP 31| f 31 |t 84 | R/S
13| ¢ 61|+ 35 01 | g NOP ~ 83 | INT 04 | SIN o4 |4
32| ! 8|8 35 01 | g NOP 35 21 | gx#y nix 03
03| »Dms | |38 07} gx2y 35 01 | g NOP 22 | GTO 24 | RN 05 |5
34 01| RCL 1 33| s10 35 01 | g NOP 011 23 |L8L 06 |6
61 + 61|+ 35 01 | g NOP 3500 gRt 151E o0 |o
33 01| STO 1 07| 7 35 01 | g NOP ' 3509 |[gRt 33 | STO 81 |+
24| RTN 34 03| RCL3 36 01 | g NOP 42 | CHS 611+ 24 | RTN
23| LeL 34 08| RCLS 3500 jgR? 022
14| D 8| R/S 3500 (gRt 34 01 1 RCL
33| sTO 33 03| sTO3 23 | LBL 35 07| 97
099 61|+ 0111 32 f
099 7| x 3508 |gR{ 01 RoP
31 {f 33 [sTO
. TR
Ri_Azimuth R4 Area Factor R; cCurrent E - Ra Area Factor Ry Current E
R2 TH Dist Rs BegE Rs CurrentN R
Ra Previous N’ Re Beg N Ry Used Rs BegE s Current
? R Beg N Ins Used



104 Surveying 1—03A

CLOSURE FOR FIELD ANGLE

AND BEARING TRAVERSES
CODE | KEYS CODE | KEYS CODE | KEYS
23} LBL 44 [ CLX 14|D
1M1 A 35 24 {gx>Y 34 02 | RCL 2
33 06| STO6 033 24 | RTN
24 | RTN 06 |6 23 {LBL
23| LBL 00 |0 15 | E
M|A 61 |+ 34 02 (RCL 2
33 05| STOS 4 |t 34 03 (RCL3
24 | RTN 4|t 81 |+
23| LBL 099 24 | RTN
128 000 35 01 | gNOP
34 04| RCL 4 81|+ 35 01 | gNOP
022 011 35 01 | g NOP
81|+ 61 |+ 35 01 | gNOP
3%|g 31| f 35 01 | gNOP
06 | ABS 83 [ INT 35 01 | gNOP
84 | R/S 33 | STO 356 01 | g NOP
044 099 35 01 | g NOP
033 022 356 01 | gNOP
055 81|+ 35 01 | gNOP
06| 6 3| f 35 01 | g NOP
gt: 0 83 | INT 35 01 | gNOP
+ 011 35 01 | g NOP
24 | RTN 08 |8 35 01 | gNOP
33 IéBL go 0 35 01 | gNOP
1 x 35 01 | gNOP
34 07| RCL7 51| — 35 01 :NOP
:ug? RCL & g 9 35 01 | gNOP
- ABS 35 01 | g NOP
34 08| RCLS 31| f 35 01 :NOP
34 06 | RCL 6 03 | »D.MS 35 01 | gNOP
51 (- 84 | R/S
3 |f 34 | RCL
01 | R—»P 0|9
84 | R/S 24 | RTN
33 03|ST03 23} LBL
Ry Current Az <Iﬁ4 Ares "'T7 Current E
R2 ZTH Dist Rs Beg E Rg Current N
R3 Closure Dist |Rg BegN Ro Used

CCCCOereend

Surveying 1-04A 105
INVERSE FROM COORDINATES
CODE | KEYS CODE ! KEYS CODE| KEYS
23| LBL 022 34 05| RCLS
1M A 24 | RTN 33 03 [ STO3
31| f 23 | LBL 61|+
43| REG 14D 34 01 |RCL1
33 06| STOS 44 | CLX 71 | x
33 03| STO3 35 24 | gy 33 | STO
24 | RTN 033 61|+
23| LBL 06|86 04 | 4
11| A 000 34 07 | RCL7
33 06| STOS 61|+ 84 | R/S
24| RTN 41|t 34 08 ([ RCL 8
23| LBL 41|t 24 [ RTN
12| B 099 23| LBL
34 05| RCLS 00|0 15 | E
51| — 81 + 34 04| RCL4
33| STO 011 022
61| + 61| + 81|+
05| 5 311 f 3519
24| RTN 83 | INT 06 | ABS
23} LBL 3308 STO8 84 | R/S
12| 8 021 2 04 |4
34 06; RCL6 81|+ 033
51| — 31| f 05| 5
33| STO 83| INT 06| 6
61| + 01§11 000
06| 6 08| 8 81|+
33 01| STO1 00| 0 84 | R/S
24| RTN 71| x 34 02 RCL 2
23| LBL 61| - 24 | RTN
13| C 35| g [ 35 01 [ g NOP
36 07 | gx2dy 06| ABS
31| f 31| f
01| R+P 03| -D.MS
33] STO 33 07| STO7
61| + 34 03| RCL3
Rt Current dep R4 Area Factor R; BRG
R2 T H Dist Rs BegN Rs QUAD
Rs Pprevious N Re Beg E Ro Used




106 Surveying 1-058

SIDESHOTS

CODE | KEYS CODE| KEYS CODE | KEYS
23| LBL 24 [RTN 35 07 [gx2y
1A 23 | LBL 32 [}
32| f! 1 |A 03 |-»D.MS
03 | ~D.MS 33 07 [STO7 31 |t
24 | RTN 24 |RTN 04 [SIN
23| LBL 23 | LBL 71 (| x
MnNjA 128 24 |RTN
022 01 |1 23 | LBL
81+ 08 |8 15 | E
411 00 |0 35 09 |g Rt
31 (¢ 3 |f 35 07 |gx2y
83 | INT 02 | D.MS+ 32 (f!

35 21 | g xs#y 23 | LBL 01 [ R—P
22| GTO 13|cC 34 08 [RCLS
011 32 (¢! 61 [+

35 09 | gRt 03 | »D.MS 84 | R/S

35 09 | gR? 34 01 |RCL1 35 07 |gx2y
42 | CHS 61 |+ 34 07 [RCL7?

35 09| gRt 24 | RTN 61|+

35 09| gRt 23 | LBL 24 | RTN
23| LBL 14)D 35 01 | g NOP
011 33| sTO 35 01 [ gNOP

35 08| gRY 09(9 35 01 [ gNOP
3N f 44 | CLX 35 01 | g NOP
83| INT 03)3 36 01 | gNOP
011 000 35 01' | g NOP
o8|8 41|t 35 01 | g NOP
000 41|t 35 01 | g NOP
7| x 61+ 35 01 | gNOP
61| + 61+ 356 01 | g NOP

33 01|STO1 24 | RTN
24 | RTN 23| LBL
23| LBL 4] D
1"M|A 34 | RCL

3308} STO8 099

. IR‘ Area Factor

R; Current E

Rs BegE

Rg CurrentN

Re Beg N

Ro  Used

T © O
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COORDINATE TRANSFORMATION

CODE | KEYS CODE | KEYS CODE| KEYS
51 |- 24 |RTN
?EIB ;BL 24 |RTN g: g: : :l‘gl;
23 |LBL
ol L LEk | e
23 | LBL 34 02 |[RCL2 35 01 |g NOP
11 |A 51 |- 35 01 |g ng
33 02 |STO 2 35 07 ngy gg g‘: : :op
i 31
® gz %;_;Y 01 |R-P 35 01 gNO:
23 | LBL 34 06 |RCL6 36 01 |g NOP
11 |A 7 |x 36 01 |9 NOP
61 |~ 35 07 |gx2y 3501 (g NOP
33 03 |STO3 34 05 |RCL5 35 01 |g :gp
35 07 | g xdy 51 |- N 35 01 |g NOP
24 | RTN 35 07 [gx&y 3501 |9 o
23 [ LBL 32 |2 36 01 {gN 3
11 |A 01 | R—+P 36 01 (g NOP
51 | — 34 01 |RCL1 g: g: ::8,:
61 |+
s g: ?T04 34 03 |RCL3 35 01 gNO;
24 | RTN 51 |~ 35 01 (g NOP
23 | LBL 33 07 ([STO7 35 01 (g NOP
12 |B 35 07 |gx2y 36 01 | g NO!
32 (2 34 02 |RCL 2 35 01 {g NO:
03 | +D.MS 61 +CL4 gg g: :xgp
R
» g? ?TOS u g: - 35 01 { g NOP
24 | RTN 33 08 |STO8 36 01 |g NO:
23 | LBL 44 {CLX 36 01 | g NOI
131C 24 | RTN (35 01 IgNOP |
33 06 ([STOS6 23 | LBL
24 | RTN 15 | E
23 | LBL 34 07 | RCL 7
14 |D 84 | R/S
34 01 [RCL1 34 08 | RCL 8
Ry Np Re Te Mew N
Ry, Ep Rs ¢ Rg New E
Rs Tn Re _scale Factor Ro Used
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108 Surveying 1-07A Surveying 1—08A
COMPASS RULE ADJUSTMENT TRANSIT RULE ADJUSTMENT
CODE| KEYS CODE | KEYS CODE| KEYS CODE | KEYS CODE | KEYS CODE | KEYS
23| LsL 61| + 34 01 RCL 1 23] LBL 34 08| RCL 8 32|
1" A 02| 2 84| R/S 1M A 51— 61| TF1
33| sTO 35 07 | g x2y 35 01{ gNOP 44 | CLX 33| sT0 33 08| STO8
09| 9 34 05| RCLS 35 01| g NOP 3301 sTO1 61|+ 36 01| g NOP
| f 51| — 35 01| gNOP 33 02 | STO2 8|8 51 —
61| TF1 33| sTO 35 01| gNOP 34 07| RCL7 35|g a1t
84| R/S 61 + 35 01| g NOP f 34 05| RCLS 06 | ABS 33| sTO
84| R/s 01} 1 35 01| g NOP 3307 | STO7 33| sT0 81+
34 05| RCL5 31 f 35 01| g NOP E 51 - 61|+ 06| 6
33 01 STO1 01| RoP 35 01| gNOP 3303 | STO3 02|2 B9
34 07| RCL7 33| sTO 35 01| gNOP i 34 08 | RCL S8 24| RTN 06 | ABS
51| - 09| g 35 01| g NOP ’ 34 06 | RCL 6 23| LBt 34 02| RCL2
34 02| RCL2 34 03| RCL3 35 01| gNOP ; 3308 | STOS8 15| E 81|+
81| + 71| x 35 01| gNOP 51| — 34 05| RCLS 34 04| RCL4
33 03} sT03 33| sTO 35 01 gNOP 3304 | STO4 32|17 n|x
34 06| RCL 6 81| + 35 01| gNOP 24 | RTN 81| TF1 51| —
34 08| RCL S 01 1 35 01| gNOP 23 { LBL 3307|ST07 33| sTO
61| — 34 RCL 36 01| gNOP a 12{8 35 01| g NOP 61|+
34 02f RCL2 09| 9 35 01| gNOP 24 | RTN 51| — 088
81| = 34 04| RCL4 35 01| gNOP 23 LBL a1t 3¢
33 04| STO4 7| x 35 01| g NOP 13|cC 33| sTO 61| SF 1
34 06| RCL6 33| sT0 35 01| gNOP 24 | RTN 61| + 34 08 RCLS
33 02| STO2 81| + 35 01| gNOP 23 | LBL 05|85 84 | R/S
3} f 02| 2 36 01| gNOP 14|D B9 34 07| RCL7
51| SF1 34 08| RCL 8 35 01| gNOP 34 07 | RCL 7 06 | ABS 24 | RTN
84| R/S 33 06| STO6 35 01| gNOP 1 61 | - 34 01 RCL 1 36 01 | g NOP
23| LBL 34 07| RCL7 36 01| gNOP E 33 | STO 81 + 36 01| g NOP
12| B 33 05| STO S5 36 01| g NOP 61 | + 34 03| RCL3 356 01| g NOP
33 07| STO7 84| R/S 35 01| gNOP 07 |7 71 x 35 01| g NOP
34{ RCL 23| LBL 356 011 gNOP 3% |9 51 - 36 01] g NOP
09| 9 13 ¢ 06 | ABS 33| sTO
33 08| STO8 34 02| RCL2 E 33 | sTO 61| +
34 06| RCL6 24| RTN 61 |+ 07| 7
51| - 23| LBL 011 35 07 | g x@y
33] STO 14| D 35 07 | gxy 34 06| RCLS6
R adie [Ra aN/z Dist Ry Closing E i R1 ™ Z|Dep| TR Ciosing Lat R; Adj Easting
R2 AdjN Fs Beg E Rs Closing N Ry ZiLat| Rs Beg Easting Rg Adj Northing
R3 AE/Z Dist Re Beg N Rg Used % R3 ClosingDep  [Re Bag Northing Re



110 Surveying 1—-09A

TWO INSTRUMENT RADIAL SURVEY

CODE | KEYS CODE | KEYS CODE | KEYS
23| LBL 33 03 [sTO3 01 | R-P
12{8 24 |RTN 24 (RTN
32! 23 [LBL 23 |L8L
61| SF 1 12 |8 15 | €
02| 2 33 04 |STO4 34 03 |RCL3
81|+ 24 |RTN 61 |+
a1t 23 | LBL 34 05 [RCLS
3f 13{c 61 |+
83| INT 24 |RTN 02 |2

35 21 | gxsty 23 | LBL 81 |+
31| f 13|cC 84 |R/S
§1|SF1 128 34 05 [RCLS
011 24 | RTN 51 |-
08 |8 23 | LBL 36 07 [gx2y
00)0 13[¢C 34 04 [RCL4
Mix 32 (¢! 61 |+

36 09 | g Rt 01 [ R-P 34 06 [RCL6
32 | ! 34 01 [RCL 1 81 |+
03 [ »D.MS 81 |+ 022
32|+ 33 05 |STOS 81 |+
81| TF1 356 08 |gRY 84 | R/S
42 | CHS 34 02 | RCL 2 34 06 | RCL 6

35 01 | g NOP 61+ 51 |-
61|+ 33 08 | STO 6 31 |f
24 | RTN 24 RTN 01 | R-P
23 | LBL 23 | LBL 02 |2
1M]A 14|D 7 |x

33 01 |STO1 24 | RTN 24 |RTN
24 | RTN 23| LBL 35 01 [gNOP
23| LBL 1410 35 01 | g NOP
1nma 12(8

33 02 | STO2 24 | RTN
24 | RTN 23 | LBL
23 | LBL 14{D
1218 32| ¢!

Ri Point 1N Re Point2E |R7

Rz Point1E Rs First Calc N Rg

R3 Point2N Re First Calc € Rg  Used

DO -

Surveying 1—10A m

CURVE SOLUTION—GIVEN A& RORA&T

CODE| KEYS CODE | KEYS CODE | KEYS
23| LBL 7| x 5] E
1A 34 06 | RCL 6 342‘1‘ gs:su

71] x

&g ;ST'M 0|9 34 02| RCL2
03| ~D.MS 00} 0 84| R/S
02} 2 81} + 34 06| RCL 6
81| + 33 05| STOS 31t

33 06| STO6 24| RTN 03| -D.MS
84| R/S 23| LBL 84 | R/S
23| LBL 14| D 34 03| RCL 3
12| 8 34 05| RCLS 84| R/S

35 07| 9x®y 34 01| RCL 1 34 04 RCLA
3 f 71| x 84 | R/S
06| TAN 02| 2 34 05| RCLSG
71} x 81|+ 84| R/S

34 06| RCL6 33 07| STO? 35 01| gNOP

35 07| 9x@y 84| R/S 35 01| gNOP
23| LBL 34 06| RCL 6 35 01| gNOP
13| ¢C 31 f 35 01 gNOP

33 04| STO4 06| COS 36 01| 9NOP

35 07| gxy 34 01| RCL1 35 01| gNOP
31 f 7| x 35 01| gNOP
06| COS 34 03| RCL3 35 01| gNOP
7| x 71| x 35 01| gNOP

33 03| STO3 02| 2 35 01| g NOP
33| STO 81|+ 36 01| gNOP
61| + 61| — 35 01| gNOP
03| 3 84| R/S 36 01| 9NOP

34 06| RCL6 34 04| RCL 4 36 01| aNOP
3N f 34 01{ RCL 1 36 01] gNOP
04| SIN 7| x
81|+ 34 07| RCL7

3301} STO1 61| —
36|g 24| RTN
02| 23| LBL

R: R Ry T |R7 Sector Area

Rz A RS L Rg

Rs ¢ Re %A IRo Used




112 Surveying 1-11A

CURVE SOLUTION -GIVENR& TORR & L

CODE | KEYS CODE | KEYS CODE | KEYS
23| LBL 71 | x 24 [ RTN
1niA 3304 [ STO4 23 | LBL

33 01| STO1 34 06 | RCL B 15| E
24| RTN 3Nf 34 01| RCL1
23| LBL 05 | COS 84 | R/S
12|8 7| x 34 06 | RCL B

36 07 | 9x3y 02 |2 022
81|+ 71| x 71| x
32| 33 03|STO3 KINR
06 | TAN 24 | RTN 03 | -D.MS
09| 9 23| LBL 84 | RS
00| 0 14D 34 06 | RCL 6
81|+ 34 05| RCL S 31| f
3%|g 34 01| RCL1 03 | -D.MS
02| » 71| x 84 R/S
71| x 02| 2 34 03| RCL 3

34 01 RCL 1 81|+ 84| R/S
n|x 33 07{STO7 34 04| RCL 4

34 01 RCL 1 84| R/S 84 | R/S

36 07 | 9 x2y 34 06 | RCL B 34 06| RCLG
23} LBL 31| ¢ 84 | R/S
13ic 05 | cos 36 01| gNOP

33 05 STO6 34 01 RCL 1 35 01| gNOP
099 nix 35 01 gNOP
00| 0 34 03| ARCL 3 35 01| gNOP
| x 7| x 35 01| gNOP
3|9 02| 2 35 01| gNOP
02w 81|+ 35 01| gNOP
81|+ 51| — 35 01| gNOP

36 07 | 9%y 84| R/S 35 01| gNOP
81|+ 34 04| RCL 4

33 08(STO6 34 01| RCL 1
3¢ M| x
08 | TAN 34 07| RCL 7

34 01| RCL 1 61) -

Ry R E T R; Sector Area

Rz Rs L Rg

Ry ¢ Re %A Ry Used

ST T -

Surveying 1-12A 113
CURVE SOLUTION—GIVENA&CORR&C
CODE | KEYS CODE | KEYS CODE| KEYS
23 | LBL 23 | LBL 34 04 |RCLA4
1M}A 13 |C 34 01 |RCL1
02 (2 71 | x
= 023 :.;'?43 71 Ix 34 07 |RCL7
81 |+ 81 | -
3 ;BL 32 (" 24 | RTN
33 02 |STO2 04 | SIN 23 | LBL
2| 02 |2 15 €
03 | »D.MS 71 | x 34 01 |RCL1
0212 31| f 84 |R/S
8t | + 03 | ~+D.MS 34 02 |RCL2
33 06 | STO6 34 03 |RCL3 84 | R/S
31}f 35 07 |g9xdy 34 06 | RCL 6
04 | SIN 12 (8 3t |f
8t |+ 84 |R/S 03 | +D.MS
02 |2 23 | LBL 84 | R/S
81|+ 14 (D 34 03 |RCL3
33 01 |STO 1 34 05 [RCLS 84 | R/S
34 06 | RCL S 34 01 |RCL1 34 04 (RCL4
3t |f 71 | x 84 | R/S
08 | TAN 02 |2 34 06 | RCL S
71 [ x 81 |+ 84 | R/S
33 04 |STO4 33 07 |STO7 36 01 | gNOP
34 06 | RCL 6 84 | R/S 36 01 | gNOP
09 |9 34 06 | RCL6 35 01 | gNOP
0010 31| f 36 01 | g NOP
81|+ 05 | COS 36 01 | g NOP
35 |9 34 01 | RCL1 36 01 | g NOP
02 |n 71 | x 36 01 | g NOP
71 I x 34 03 | RCL3 356 01 | g NOP
34 01 |RCL 1 7 |x
FARE 02§2
33 05 (STOS 81|+
44 | CLX 51 | —
24 | RTN 84 | R/S
R R Re 1 R; Sector Area
R, A R; L Rs
Ry C Rg %A Ry Used




114 Surveying 1-13A

ELEVATIONS ALONG A VERTICAL CURVE

CODE | KEYS CODE | KEYS CODE | KEYS
23 [LBL 81 [+ 71 x
1A 23 [LBL 34 06| RCL6
41 |t o1 |1 61|+

33 01 [STO1 33 04 {STO4 24 | RTN
24 |RTN 4 |t 35 01| gNOP
23 |LBL 32 [ 35 01| gNOP
1 |A 09 |vVx~ 35 01| gNOP

35 07 [gx¥y 34 03 |RCL3 35 01| gNOP
51 |~ 71 ix 35 01| gNOP
05 |5 35 07 [9xdy 35 01| gNOP
00 |0 34 01 {RCL 1 35 01| gNOP
71 |x 7 |x 36 01 gNOP

33 03 [STO3 61 |+ 35 01| gNOP
44 |cLx 34 02 [RCL 2 35 01] gNOP
24 |RTN 61 [+ 36 01| gNOP
23 |LBL 33 05 [STOS 35 01| gNOP
12 |8 44 |{CLX 35 01| gNOP

33 06 {STO6 84 [R/S 35 01 gNOP
24 |RTN 23 {LBL 35 01| gNOP
23 (LBL 14 {D 35 01| gNOP
12 |8 34 01 [RCL1 36 01 | gNOP

33 02 |[STO2 42 |CHS 35 01| gNOP
24 |RTN 02 |2 365 01| gNOP
23 | LBL 81 |+ 35 01| gNOP
12 {8 34 03 |RCL3 35 01| gNOP
33 |sTO 81 |+ 36 01] gNOP
81 |+ 22 |GTO 35 01| gNOP
033 o1 |1 35 01| gNOP
24 |RTN 23 | LBL 35 01| gNOP
23 | LBL 15 |E 35 01] gNOP
13|C 34 05 |RCL S5

34 06 |RCL 6 84 |R/S
51 |~ 34 04 {RCL 4
43 | EEX 43 | EEX
02 2 02 |2

R1 Grade 1 Re No of Swations |7
R2 Beg Elevation |Rg Elev at Sta Re
Rs A/2 Re Beg Sta Ry

Surveying 1—-14A

HORIZONTAL CURVE LAYOUT

115

CODE| KEYS CODE | KEYS CODE| KEYS
34 04 |RCL 4 35 01 [gNOP

ﬁ kBL 31 |f 35 01 |gNOP

33 01 |STO1 03 |»D.MS 35 01 [gNOP
35 |g 24 |RTN 35 01 [gNOP
02 |m 23 [LBL 35 01 |gNOP
71 |x 15 |E 35 01 |gNOP
35 |g 34 05 |RCL5 35 01 [gNOP
04 | 1/x 24 |RTN 35 01 |gNOP
09 |9 35 01 [gNOP 35 01 |gNOP
00 |0 35 01 |gNOP 35 01 |gNOP
71 | x 35 01 |gNOP 35 01 |gNOP

33 02 [STO2 35 01 | gNOP 35 01 |9 NOP
24 |RTN 35 01 |gNOP 35 01 | g NOP
23 | LBL 35 01 |9 NOP 36 01 |gNOP
12 |8 35 01 |gNOP 35 01 | 9NOP

33 03 |STO3 35 01 | g NOP 35 01 |gNOP
24 |RTN 35 01 |9 NOP 35 01 |9 NOP
23 [LsL 35 01 |gNOP 35 01 |9 NOP
13|C 35 01 | 9NOP 35 01 |9 NOP

34 03 {RCL 3 35 01 | 9 NOP 35 01 | g NOP
51 |- 35 01 u":gs 35 01 ::g:

RCL 2 3501 |8 35 01

. ‘7)3 xCL 35 01 |gNOP 35 01 |9 NOP

33 04 {STO4 35 01 |gNOP 35 01 | aNOP
31 |f 35 01 | g NOP 36 01 |gNOP
04 (SIN 35 01 { gNOP 35 01 | gNOP

34 01 {RCL1 35 01 | gNOP 35 01 |gNOP
71 |x 35 01 | g NOP 35 01 | gNOP
02 |2 35 01 | gNOP 35 01 | gNOP
71 | x 35 01 | g NOP 35 01 | g NOP

33 05 |STOS 35 01 | gNOP
44 |CLX 35 01 | g NOP
24 |RTN 35 01 | gNOP
23 |LBL 35 01 | gNOP
14 {D 35 01 | g NOP

R1 Radius I—Fh Defl Ang Ry

R2 Defi/Ft Rs Chord Rg

R3 pC Sta Re Ry Used

AT O T O
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TRIANGLE SOLUTION —GIVEN SSS OR SAS

CODE | KEYS CODE | KEYS CODE| KEYS
23 [ LBL 51 |- 84 [ R/S
1M |A 31 |f 33 05

33 01 {STO1 09 |Vx 34 02 :I:?g
84 |R/S 33 03 (STO3 34 01 |RCL1
23 | LBL 23 |LBL 33 02 [STO2
12 B 13 [C 35 07 |gxy
32 |f 34 02 (RCL2 33 01 [STO1
03 [»D.MS 34 03 (RCL3 13 |C

33 06 |[STO 6 31 |t 33 06 [STO6
84 (R/S 01 (R+P 84 |R/S
23 | LBL 32 |f! 23 [LBL
1A 09 |Vvx 15 |E

33 02 [sTO2 34 01 |RCL 1 34 02 |RCL 2
84 |R/S 84 |R/S 34 03 |RCL 3
3:1; kBL 32 |t 7 [x

09 |vx

33 03 {STO3 51 |- gf 3
84 (R/S 34 02 [RCL2 34 06 |RCL6
'3 lL)BL 34 03 [RCL3 32 | ¢

02 {2

34 01 |RCL 1 7 |x g:: :D'Ms

34 02 {RCL 2 7 ix 04 | SIN
3¢ 81 |+ 7 |x
(1] R_—:P 32 (£ 24 | RTN
32 (f 05 |COS 35 01 | g NOP
09 |Vx 3t |f 35 01 | g NOP

34 01 [RCL 1 03 |+D.MS 35 01 | g NOP

34 02 |RCL 2 24 |RTN 35 01 | g NOP
02 |2 33 04 [STO4 35 01 | g NOP
71 |x 34 03 [RCL3 35 01 | g NOP
7 Ix 34 01 |RCL 1

34(3)? RCL 6 33 03 |STO3

f 35 07 |gx®y
05 |COS 33 01 |STO 1
71 |x 13 |C

Ri side 3 Rs  Angle [R,

R2 Side 2 Rs  Angle [Re

Rs Side 1 Re Angle [Ro Used

Surveying 1—16A 117
TRIANGLE SOLUTION — GIVEN SSA

CODE| KEYS CODE | KEYS CODE| KEYS
23| LBL 09 | VX 34 06| RCLB
1A 51 - 84 | R/S

33 01| STO 1 31 f 31| f
84 R/S 09| Vx| 02 | DMS+
23| LBL 31 f 34 03 | RCL 3
1| A 81| TE1 84 | R/S

33 02| STO2 35 01 | gNOP a4 | cLX
84| R/S 42 | CHS 011
23| LBL 35 00| gR?t 08 |8
12( B 61|+ 00}0

33 05| STO6 33 03| STO3 36 07 | 9 x®y
84| R/S 34 02| RCL 2 32|
23| LBL 3N|f 02 | D.MS +
13| ¢C 01| R+P 84 | R/S
3}t 32|t 23| LBL
51| SF1 09 | Vx 15| E
22} GTO 34 01| RCL1 34 01| RCL 1
011 84| R/S 34 03| RCL3
23| LBL 32| 34 05| RCL6
14| D 09! vx 32|
32| 51| - 03 | -D.MS
51| SF1 34 02| RCL2 31| f
23| LBL 34 03| RCL 3 04 | SIN
011 71| x 7Mn|x

34 02| RCL2 81|+ 714 x
32|t 02| 2 02| 2
09 vVx 81|+ 81|+

34 06| RCLS 32| 84| R/S
32| ¢ 05 | COS 35 01| gNOP
03| ~D.MS 31| f 36 01| g NOP

34 01{ RCL1 03| ~D.MS
32( 84| R/S
01| R=P 34 02| RCL2

35 08| gR 84| R/S
32| 44| cLX

Ry Side 1 |“4 R;

R2 Side 2 Rs

" [Re_Used




118 Surveying 1-17A

TRIANGLE SOLUTION — GIVEN ASA OR AAS

CODE | KEYS CODE | KEYS CODE | KEYS
23 [LBL 02 |[D.MS + 84 | R/S
12 |B 34 05 |RCLS 34 06 |RCL 6

33 04 |STO4 32 (¢ 84 |R/S
84 |R/S 02 |D.MS+ 23 (LBL
23 |LBL 33 06 |STO6 15 | E
12 |8 32 |7 34 01 |RCL 1

33 06 [sTO® 03 [-D.MS 34 03 |RCL 3
84 |R/S 31 |f 34 07 [RCL7
23 |LBL 04 [SIN 71 | x
1M |A 34 03 {ACL 3 71 | x

33 03 [sTO3 35 07 |9 xy 02 |2
84 |R/S 81 |+ 81 |+
23 (LBL 33 07 |[STO7 84 |R/S
12 |B 34 04 (RCL 4 35 01 | gNOP

33 05 [STOS 32 |7 35 01 | 9NOP
84 |(R/S 03 | ->D.MS 35 01 | aNOP
23 |LBL 31 (f 35 01 | gNOP
14 |0 04 | SIN 35 01 [ g NOP
o1 1 71 | x 35 01 | gNOP
08 |8 84 | R/S 35 01 | g NOP
00 |0 33 01 |STO 1 35 01 {gNOP

34 04 |RCL4 34 04 |RCL4 35 01 | gNOP
32 | 84 [R/S 35 01 | g NOP
02 |D.MS+ 34 07 |RCL 7 35 01 | g NOP

34 068 [RCL® 34 05 [RCLSE 35 01 | gNOP
32 |7 32| 35 01 | g NOP
02 |DMS+ 03 | »D.MS 35 01 | gNOP

33 05 {STO6 3| f 35 01 |gNOP
23 |LBL 04 | SIN 35 01 | gNOP
13 [c 33 07 | STO7? [35 01 | gNOP
o1 |1 71 | x
08 (8 84 | R/S
00 {0 34 06 | RCLS

34 04 |RCL4 84 | R/S
32 [ 34 03| RCL3

Ry side 1 Rs  Angle 1 R; Used

R Rs Angle 2 R

R3 Side 3 Re Angle 3 [ﬁo Used

Treeoeeeeee

Surveying 1—18A

BEARING — BEARING INTERSECT

119

CODE | KEYS CODE| KEYS CODE | KEYS
23 | LBL 22 [GTO 23 |LBL
1M|A o1 |1 15 |E

33 01 |STO 1 34 05 |RCLS 34 04 |[RCLA4
84 | R/S 42 cHs 34 03 |RCL3
23 | LBL 33 05 |STO6 34 06 |RCL6
1| A 23 |LBL 7 |x

33 02 |STO 2 o1 |1 51 |-
84 | R/S 84 |R/s 34 02 |RCL2
23 | LBL 23 | LBL 34 01 |RCL 1
122|8B 14 |D 34 05 |RCLB

33 03 |STO3 32 |1 7 |x
84 | R/S 03 |+D.MS 51 |-
23 | LBL 31|t 33 07 |STO7
12!8 06 | TAN 51 |-

33 04 |STO4 33 06 |STO6 34 05 |RCLB
84 | R/S 35 00 [gLST X 34 06 |RCL 6
23 | LBL 84 |R/S 51 | -
13|c 23 | LBL 81 |+
32 | 2 14 (D 84 |R/S
03 [ »D.MS a1 i1 34 06 |RCLG
31| f o1 |1 7 |x
06 | TAN 35 23 [gx=y 34 07 |RCL7

33 05 |STOS 22 | GTO 61 |+

35 00 | gLST X 022 84 |RA/S
84 | R/S 44 | cLx 35 01 | g NOP
23 | LBL 033 36 01 | g NOP
13|C 35 23 [gx=y 35 01 | g NOP
41 {1 22 | GTO 35 01 | g NOP
o1 1 022 36 01 | g NOP

36 23 |[gx=y 34 06 | RCL 6
22 | GTO 42 [ CHS
011 33 06 | STO6
44 | CLX 23 | LBL
033 022

35 23 (gx=y 84 | R/S

Ry Point IN R4 Point 2E Ry Used

R, Point 1E Rs Line 1 TAN (A2) (Rs

R3 Point 2N Re Line 2 TAN (AZ) [Rg Used




120 Surveying 1—-19A ’ Surveying 1—20A 121
BEARING — DISTANCE INTERSECT i DISTANCE — DISTANCE INTERSECT

CODE | KEYS CODE | KEYS CODE| KEYS CODE | KEYS CODE | KEYS CODE| KEYS
23] LBL 3500[gRT 34 07 [RCL7 23 | LBL 32 [f! 35 01 | g NOP
1| A 35 09 |gRt 32| 1A 09 {Vx 35 01 | gNOP

33 01| STO1 23| LBL 01 | R»P 33 01| sTO1 34 05 |RCL S 35 01 | gNOP
84! R/S 011 35 07 | 9x3y 84 | R/S 32 | 35 01 | g NOP
23| LBL 44 | CLX 32 |f! E 23 | LBL 09 |Vx 35 01 | g NOP
11} A 01 {1 09 |vVx_ 1A 61 |+ 35 01 | gNOP

33 02| STO2 088 34 06 [ RCL 6 33 02 | STO 2 34 06 |RCL6 36 01 | g NOP
84| R/S 000 32| 84 | R/S 32 |t 35 01 | g NOP
23| LBL 71| x 09 [Vx 23 | LBL 09 |Vx 35 01 | g NOP
12| B 61|+ 35 07 { g x@y 12(8B 51 | — 35 01 | g NOP

33 03| STO3 33 05|STOS 51 | — 33 03 | STO 3 02 |2 35 01 | g NOP
84| R/S 84 | R/S 31 f 84 | R/S 81 |+ 35 01 | g NOP
23| LBL 23| LBL 09 | vx 23 | LBL 34 07 |RCL7 35 01 | gNOP
12| B 14D 61 |+ E 128 34 05 |RCL 5 35 01 | s NOP

33 04| STO4 33 06 | STO6 34 05 | RCL S 33 04 |STO4 71 | x 35 01 | g NOP
84| R/S 84 | R/S 35 07 | 9x@y 84 | R/S 81|+ 35 01 | g NOP
23| LBL 23] LBL 32| 23 | LBL 32 [ 35 01 | gNOP
131C 15| E 01 | R»P 13|cC 05 | COS 36 01 | gNOP
32| 7 34 04| RCL 4 34 01 |RCL 1 a3 05 |STO 5 51 | — 35 01 | g NOP
03| -D.MS 34 02| RCL2 61 |+ 84 | R/S 34 05 | RCLS 35 01 | g NOP
84| R/S 51| - 84 | R/S 23 | LBL 32 ¢! 35 01 | g NOP
23| LBL 34 03| RCL3 35 07 | g xy 14 (D 01 | R—P 35 01 | g NOP
13| c 34 01 [ RCL1 34 02 | RCL2 E 33 06 [STO6 34 01 | RCL 1 35 01 | gNOP
02| 2 61| — 81|+ 84 |R/S 61 |+ 35 01 | g NOP
81|+ 3t f 84 [ R/S 23 | LBL 84 | R/S 35 01 | g NOP
411 01| R+p 36 01 | gNOP 15 |E 35 07 | 9x@y 365 01 | g NOP
31| f 33 07|sT07 35 01 | gNOP E 34 04 |RCL4 34 02 |RCL 2 35 01 | gNOP
83| INT 44 | CLX 35 01 | gNOP 34 02 [RCL2 61 |+ 35 01 | gNOP

36 07 | g x2y 36 24 | gx>y 35 01 | gNOP 51 | — 84 | R/S 35 01 | gNOP

35 21| 9x*ty 03|3 35 01 | gNOP 34 03 | RCL 3 35 01 | g NOP 35 01 | g NOP-
22| GTO 08|86 " 34 01 [RCL 1 35 01 | g NOP
011 00|0 a 51 | — 35 01 | g NOP

3 09| gRt 61|+ 31 |f 35 01 { g NOP

3509|gRt 34 06| RCL5 01 | R-P 35 01 | g NOP
42| CHS 51| — ﬁ 33 07 |STO7 35 01 | gNOP

R1 Point 1N Ry Point 2E R; Dist 1+2 Ri Point1N Iﬁ; Point 2 E Ry Dist 12

R2 Point 1E Ry Line 1Az Rs w— |R2 Point1E Rs Dist 1 Rs

R3 Point 2N Re Line 2-Dist Ry Used ﬁ Rs Point2N Re Dist 2 Ry Used

|




122 Surveying 1-21A

DISTANCE FROM A POINT TO A LINE

CODE | KEYS CODE | KEYS CODE| KEYS
23 | LBL 23 | LBL 3303 i{STO3
M(A i3|C 84 |R/S
31| f 33 04 [STO4 23 | LBL
43 | REG 84 | R/S 15 |E

3301 |STO1 23 | LBL 34 04 |[RCLS4
84 | R/S 13 |C 34 08 |RCL8
23 [ LBL 33 05 [STOS5 51 |-
M|A 84 | R/S 34 05 [RCLS

33 02|STO2 23 | LBL 34 03 (RCL3
84 | R/S 14 |D 51 |-

23 | LBL 34 02 |RCL2 31 |f
12|8B 34 01 |RCL1 01 (R-P
32! 34 03 |[RCL3 84 |R/S
03 | -D.MS 71 | x 34 01 |RCL1
31| ¢ 51 |- 34 08 (RCL 8
06 | TAN 33 07 |STO7 81 (-

33 03 |STO3 34 05 |RCLS 34 02 |[RCL2
84 | R/S 34 04 |RCL4 34 03 (RCL3
23 | LBL 34 03 (RCL3 51 |~
128 81 |+ 31 |f
02 (2 61 |+ 01 |R—+P
81 |+ 51 {— 24 |RTN
32 | ! 34 03 |RCL3 35 01 |gNOP
83 | INT 4 i1t 35 01 g NOP
83 |- 35 |g 35 01 {g NOP
04 {4 04 | ' 35 01 [g NOP

35 22 | g x<y 61|+ 35 01 g NOP
22 | GTO 42 | CHS 35 01 | g NOP
0t |1 81 |+ 35 01 { g NOP

34 03 | RCL 3 33 08 [STO8 35 01 | g NOP
42 | CHS 84 |R/S

33 03:STO3 34 03 (RCL3
23 [ LBL 71 | x
011 34 07 [RCL7
84 | R/S 61 |+

Ry Point 1N Rs  Point2N I-Rj Used

Rz Point 1 E Rs  Point2E Rs  Point3N

Ra Point3E Re Ry Used

)i e R R

Surveying 1-22A
TAPING CORRECTIONS
CODE ;| KEYS CODE | KEYS CODE| KEYS
23 | LBL 33 02 {STO2 22 |GTO
1| A 84 |R/S o1 |1
33 03 |STO3 23 | LBL 23 |LBL
022 13 |c 15 |E
00|0 33 06 |STO6 41 |t
51 - 83 |- 7 |x
03|3 00 |0 42 | CHS
43 | EEX o1 |1 34 06 |RCL6
055 04 |4 41 |1
81|+ 71 I x 71 | x
83| - 34 03 |RCL 3 61 |+
000 81 |+ 31 |f
00{0 a1 |t 09 |Vx
000 71 x 23 | LBL
a1t 022 o1 |1
43 | EEX 04 |4 33 |sTO
022 81|+ 81 |+
81|+ 42 | CHS 05 |5
61|+ 34 02 | RCL 2 84 | R/S
33 01|STO1 011 34 05 | RCL 6
84 | R/S 61 |+ 24 | RTN
23 | LBL 61 |+ 35 01 | g NOP
128 34 06 | RCL 6 35 01 | g NOP
066 71| x 36 01 | g NOP
088 33 06 | STO6 35 01 | g NOP
51| - 44 | cLx 35 01 | g NOP
06 |6 84 | R/S 36 01 | g NOP
04 |4 23 | LBL 35 01 | g NOP
055 14 |0 36 01 | g NOP
43 | EEX 32| ¢! 36 01 { g NOP
42 | CHS 03 | -D.MS
08 |8 31| f
7| x 04 | SIN
34 01 | RCL 1 34 06 | RCL 6
61|+ 7| x
R, Used Re R,
R, Used Rs I HDist |Re
Ry LbsPull |Rg S Dist Ro

13




124 Surveying 1—-23A Surveying 1—-24A 125

EDM SLOPE REDUCTION — GIVEN ZENITH ANGLE ] EDM SLOPE REDUCTION —GIVEN A ELEVATION

CODE | KEYS CODE| KEYS | |CODE| KEYS ﬁ CODE| KEYS | |CODE| KEYS | |[CODE| KEYS
23| LBL 51 | - 33 | STO 23 | LBL 14 |D 34 04 |[RCL4
1A 34 06 | RCL 6 61 |+ 1 |A 33 04 |STO4 34 05 |RCLS

33 01| STO1 02 2 022 33 01 |STO1 24 |RTN 61 |+
84 | R/S 43 | EEX 24 | RTN 02 |2 23 |LBL 71 X
23| LBL 42 [cHs 23 | LBL 00 |0 15 lE 24 |RTN
1] A 0717 15 | E 09 |9 34 01 |RCL1 35 01 |9 NOP
02]2 71X 34 01 | RCL1 00 |o 32 ¢ 35 01 |g NOP
00| 0 61 |+ 34 04 | RCL4 - 06 |6 09 K/X 35 01 |g NOP
0919 33 02 (STO2 31 ¢ E 00 |o 34 03 |{RCL 3 35 01 |g NOP
00| 0 24| RTN 05  €OS 00 |0 34 02 |RCL2 35 01 |gNOP
06| 6 231 LBL 81|~ 00 |0 51 |— 35 01 [g NOP
431 EEX 131¢ 33 011 STO1 . 33 05 |STOS 32 |f? 35 01 |9 NOP
033 84 | R/S 34 02 | RCL 2 24 |RTN 09 WX 35 01 |g NOP
61 + 23| LBL 34 04 RCL4 23 |LBL 51 (- 35 01 |gNOP

35 00| gLST X 13.C 51| - 12 |8 34 05 |RCLS 35 01 |g NOP
81+ 51| - 34t 33 02 [STO2 34 02 |RCL2 35 01 |g NOP

33 05( STOS 33 06| STO6 04 | SIN i 24 |RTN 61 |+ 35 01 |g NOP
24 | RTN 84 | R/S (X F 23 [LBL 81 |+ 35 01 [gNOP
23| LBL 23| LBL 84 | R/S 13 [C 34 05 |RCLS 365 01 |gNOP
12(8 141D 34 05| RCLS 33 03 |STO3 34 03 |RCL 3 35 01 |gNOP
32| ! 51| - 81|+ o 24 |RTN 61 |+ 35 01 |gNOP
03| -D.MS 84 | R/S 84 R/S 23 |LBL 81 |+ 35 01 {g NOP
a1t 23| LBL 34 01| RCL 1 14 |D 3t |f 35 01 |gNOP
3| f 14| D 34 02| RCL 2 33 [sTO 09 VX 35 01 |gNOP
04| SIN 61| + 3¢ 61 |+ 33 06 |STO6 35 01 [gNOP

34 01| RCL1 34 01} RCL1 05| COS 02 |2 34 05 |RCLS 35 01 [g NOP
nix 81|+ nix 33 07 |STO7? 34 07 |RCL7 35 01 |gNOP

33 06| STO6 34 02| RCL2 34 06| RCL 6 84 |R/S 61 [+ 35 01 |gNOP
011 34 04| RCL4 61} + 23 |LBL 71 |X 35 01 (g NOP
04| 4 51| - __sal mss 14 |D 84 |R/S 36 01 IgNOP |
43| EEX 31 f 33 |STO 34 06 {RCL 6
42 CHS 04| SIN 61 |+ 34 05 |RCLS
0717 ngx 03 |3 71 [x
71X 32| £ 84 |R/S 84 |R/S

33 04| STO4 04] SIN 23 |LBL 34 06 |RCL 6

Ry S Dist/used lﬁ4 c Ry Ry S Dist |R4 Es Ry E,

Rz Z,/used Ry (R+E)/R Rg Rz Hi DM + E, Rs R Rg

Rs Re Used Ry  Used RaHT Rft+E;,  |[Re Used Re




126 Surveying 1-25A
FIELD ANGLE CHECK
CODE | KEYS CODE | KEYS CODE | KEYS
23 |LBL 83 |[DSZ 24 |RTN
1A 01 |1 23 |LBL
32 |1 32 |f7? 14 |D
03 {-»D.MsS 01 |R-P 34 04 |RCL4
01 (1 31 |f 31 |f
08 |8 01 [R-P 03 |-D.MS
00 {0 44 (CLX 84 |R/S
51 |- 35 24 |gx>y 34 03 |RCL3
31 |f 03 |3 84 |R/S
61 {TF1 06 6 34 02 (RCL 2
22 | GTO 00 (O 31 |f
01 |1 61 |+ 03 |»D.MS
31 |f 33 02 |STO 2 84 |R/S
43 | REG 09 {9 23 |LBL
33 02 [STO 2 00 |0 15 |E
g? LBL 81 |+ 34 01 [RCL1
1 01 |1
33 01 |sTO1 61 |+ 3 gf ECL 2
31 [f 31 |f 31 |f
61 |SF 1 83 [INT 03 | »D.MS
24 |RTN 33 03 |STO3 84 [ R/S
23 | LBL 02 {2 32 {f?
12 |B 81 |+ 03 | »D.MS
01 |1 31 |f 34 08 |RCL S8
08 |8 83 | INT 81 [+
00 |0 01 |1 31 |f
31 [¢ 08 |8 03 | +D.MS
02 [D.MS + 00 {0 32 |7}
23 |LBL 71 [ x 81 |SF1
131C 34 02 |RCL 2 BTN
32 |71 51 |-
03 | +D.MS 35 |g
34 02 |RCL 2 06 | ABS .
61 |+ 33 04 [STO4
35 |g 44 | CLX
Ri Ref Az-180  [R4 Bearing [R;
R2 Current Az Rs Rs Counter
R3 Quad Code Re Ro Used

T -
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Surveying 1—26A
STADIA REDUCTIONS

CODE | KEYS CODE! KEYS CODE | KEYS
23 {LBL 32 (2 35 01 | gNOP
1 |A 09 |vx 35 01 | g NOP

33 05 |STOS 34 03 {RCL3 35 01 | g NOP
84 |R/S 7 [ x 356 01 { g NOP
23 |LBL 01 (1 35 01 | g NOP
11 A 00 [0 35 01 | g NOP

33 01 |STO1 00 {0 35 01 | g NOP

33 04 |STO4 71 | x 35 01 | g NOP
84 |R/S 84 | R/S 35 01 | g NOP
23 [LBL 34 02 |RCL2 35 01 | g NOP
12 |B 02 |2 35 01 | g NOP
32 |f! 71 | x 36 01 | g NOP
03 |{-+D.MS 31 | f 36 01 | g NOP
09 (9 04 | SIN 35 01 | g NOP
00 |0 05 |5 35 01 | g NOP

35 07 [gx3y 00 |0 35 01 | g NOP
51 |- 7 | x 36 01 | g NOP

33 02 [STO 2 34 03 |RCL3 35 01 | g NOP

35 00 {gLSTX FARN R 35 01 | g NOP
31 |f 34 04 | RCL4 36 01 | g NOP
03 |»D.MS 51 | — 36 01 | g NOP
84 |R/S 34 01 |RCL1 35 01 | g NOP
23 |L8L 33 04 (STO4 35 01 | g NOP
13 (C 61 |+ 35 01 | g NOP

33 03 |STO3 34 06 | RCLS 35 01 | gNOP
84 |R/S 61 |+ 35 01 | g NOP
23 [LBL 84 | R/S 35 01 | g NOP
14 D 35 01 | g NOP 36 01 | g NOP

33 04 (STO4 35 01 | gNOP 35 01 | g NOP
84 |R/S 35 01 | g NOP [ 35 01 | g NOP
23 [LBL 35 01 | gNOP
15 |E 35 01 | gNOP

34 02 |RCL 2 35 01 | g NOP
31 |f 35 01 | g NOP
05 |COS 35 01 | gNOP

Ry Ht Instrument Rs Rod Reading R,

Rz Vertical Angle Rs Sta Elev Rg

R3 Rod Inter l“o JRo Used




128 Surveying 1—-27A

THREE WIRE LEVELING

CODE | KEYS CODE | KEYS CODE | KEYS
23 |LBL 14D 61+
1" |A 33| STO 033

33 01 |STO 1 61+ 35 08[gR ¢
o1 |1 077 84 | R/s
00 |0 51 |- 23 | LBL
00 [0 61+ 15 | E

33 08 [STO 8 35 00|gLsT x| |34 02|ReL 2
84 |R/S 02(2 34 05| RCL 5
23 (LBL 71 x 51 |-

11 |A 35 07 |gx2y 84 |R/S
33 08 [sTO 8 51— 34 01|RCL 1
84 |R/S 35 00 (g LST X 61 |+
23 |LBL 34 07|RCL 7 84 |R/S

12 |B 033 34 03|RCL 3
31 |f 81+ 34 08 |RCL 8
51 ISF 1 31| f 71| x
84 |R/S 61| TF 1 84 |R/S
23 |LBL 22 | GTO 34 06 |RCL 6
13 |c 011 34 08 |RCL 8
32 |f! 33| STO 71 | x
51 |SF 1 61+ 24 |RTN
84 |R/s 055 35 01 | gNOP
23 |LBL 35 08|gR 35 01 gNOP
14 |D 33|sTO 35 01| gNOP

33 07 [STO 7 61+ 35 01| gNOP
84 [R/S 066 35 01 | gNoOP
23 |LBL 35 08|gR | 35 01| gNOP
14 D 84| R/S 35 01| gNOP
33 [STO 23| LBL 35 01| gNOP
61 |+ 011 35 01| gNOP
07 |7 33{STO
51 |- 61|+

35 00 |g LST X 02|2
84 [R/S 35 08(gR
23 |LBL 33(STO

R1 Elev R; Used

R2 T BS Means

Rs T FS Means

Rs Stadia Intr K

R3 T BS Intervals

Re I FS Intervals

/i R I

Surveying 1—-28A

LOPE STAKING — GIVEN CENTERLINE
s TERRAIN ELEVATION

129

CODE | KEYS CODE | KEYS CODE | KEYS
71 | x 01 |1
ﬁ kBL 33 04 |STO4 84 |R/S
84 | R/S 33 05 |STOH 23 |LBL
23 | LBL 22 |GTO 15 |E
1M |A 01 |1 34 05 [RCLS
33 01 | STO1 23 |LBL 34 04 |RCL4
84 | R/S 14 |D 51 {—

23 | LBL 33 04 [STO4 84 |R/S
12|8 33 05 |STOS 3423 :%15
84 |R/S
gg E(ast. 23 | LBL 35 01 g NOP
128 14|D 35 01 | g NOP
51| — 35 07 | g x2y 35 01 |g NOP
71 | x 81 |+ 35 01 | g NOP
61|+ 34 01 | RCL1 35 01 aNOI;
33 02 [STO 2 71 |x 35 01 oNOP
84 | R/S 01 |1 35 01 nNOP
23 | LBL 51 | — 35 01 9N8P
13(C 33 03 |STO3 35 01 gnop
84 | R/S 23 | LBL gg g: :NOP
011
33 cL:BL 34 02 |RCL2 35 01 9':3:
32| 34 03 | RCL 3 35 01 gNOP
03 | »D.MS 34 05 | RCL 5 gg g: :NOP

f 71 | x
g; cos 61 |+ 35 01 “:8';
35 00 | gLSTX 33 | STO 35 01 9NQP
31 |f 81 |+ 3501 |9 .
06 | TAN 05 |6 35 01 s:NOP
34 01 | RCL1 3|9 36 01 |9 NO
7| x 06 | ABS
01 |1 83|,
61 | — 011
33 03 {STO 3 35 22 | g x<y
35 08 |gR{ 22 | GTO
Ry Slope Rs H Dist R,
Rz Used Rs H Dist Rs
Ry Used Re Rg Used




130 Surveying 1—29A

SLOPE STAKING — GIVEN CENTERLINE CUT/FILL

CODE | KEYS CODE | KEYS CODE!| KEYS
23| LBL 71| x 01 1
1A 3304 STOS 84 | R/S
84| R/S 33 05| STOS 23 LBL
ﬁ kBL 22| GTO 15| E

01| 1 34 05 | RCL

33 01| STO1 23| LBL 34 04 ncu.i
84| R/S 14D 51| —
23| LBL 33 04| STO4 84 | R/S
12| B 33 05| STOS 34 05| RCLS
84| R/S 84| R/S 24 | RTN
23| LBL 23| LBL 35 01 | g NOP
12{8 14| D 35 01| g NOP
61/ + 35 07 | gx2y 35 01| gNOP
71| x 81| + 35 01 g NOP
61| + 34 01| RCL 1 35 01| 9 NOP

33 02| STO 2 M| x 35 01| g NOP
84| R/S 01 1 35 01| 9 NOP
23| LBL 51| — 35 01 | 9 NOP
13| C 33 03| sTO3 35 01| 9 NOP
84| R/S 23| LBL 35 01| 9 NOP
23| LBL 01| 1 35 01| 9 NOP
13 c 34 02| RCL2 35 01 | g NOP
32| f 34 03| RCL3 35 01| 9 NOP
03| -D.MS 34 05| RCLS 35 01| 9 NOP
31| f 7| x 35 01 | 9 NOP
05| COS 61| + 35 01| 9 NOP

35 00 | gLST X 33| sTO 35 01| 9 NOP
3| f 61| + 35 01| 9NOP
06| TAN 05| 5 35 01| 9 NOP

34 01| RCL1 3| g 35 01 ] g NOP
7| x 06 | ABS
011 83| .
51| - 01 1

33 03{STO3 36 22| gx<y

35 08| gR{ 22| GTO

R Siope R4 H Dist R,
R2 Used Rg H Dist Rg
Ry Used Rs Rg Used

i
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AZIMUTH OF THE SUN
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A

CODE | KEYS CODE | KEYS CODE | KEYS
23| LBL 33 03 {STO3 24 {RTN
M"n|A 34 01 |RCL1 23 | LBL

33 04 (STO4 31 |f ot |1
24 | RTN 04 | SIN 35 08 |gR{
23 | LBL 34 02 |RCL 2 35 08 g R
11| A 31 | f 42 [ CHS
31| f 04 | SIN 41 |t
02 | D.MS+ 34 03 |RCL3 03 {3
32/ ! 31 | f 06 (6
03 | *D.MS 04 | SIN 00 |0
24 | RTN 71 i x 61 |+
23 | LBL 51 | - 31 |f
12(|8 34 02 ([RCL2 03 |»D.MS
32| ¢! 31|f 24 | RTN
03 | »D.MS 05 | COS 35 01 | g NOP

35 07 | g x2y 34 03 {RCL3 35 01 | g NOP
24 | RTN 31 {f 35 01 | g NOP
231 LBL 05 | COS 35 01 | g NOP
128 71 | x 35 01 | g NOP
32| ! 81|+ 36 01 | g NOP
03 | »D.MS 24 | RTN 35 01 | g NOP
71 i x 23 | LBL 35 01 | g NOP
61 |+ 15 | E 35 01 | g NOP

33 01 |STO1 32 | ! 35 01 { g NOP
24 | RTN 05 | COS 35 01 | g NOP
23| LBL 34 04 | RCL4 35 01 |gNOP
13| C 01 |1 35 01 | g NOP
32| ! 022 35 01 [ g NOP
03 | »D.MS 35 22 | g x<y 35 01 [ g NOP

33 02{STO2 22 | GTO 35 01 j gNOP
24 | RTN 0111
23 | LBL 35 08 { g RY
14D 35 08 | gR{

32 (¢! 31|f
03 | -D.MS 03 | »D.MS

R1 Declination (5) I-th Local time R;

R2 Latitude (¢) Rs Rg

R3 Vertang (h) _ [Re Rg  Used
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PREDETERMINED AREA — LINE THRU A POINT

CODE | KEYS CODE!| KEYS CODE| KEYS
23 | LBL 00 |0 33 04 |STO4
11| A 61 |+ 34 03 |RCL3
022 33 03 [STO3 51 |—
71| x 24 |RTN 31 |f

33 01 | STO1 23 |LBL 04 [SIN
24 | RTN 14 |D 35 |g
23 | LBL 32 | ! 06 | ABS
128 03 |-D.MS 34 02 |RCL2
24 | RTN 24 [RTN 35 07 |gx2y
23 | LBL 23 | LBL 81 |+
12|8 14 |D 33 02 |STO2
24 | RTN 41 |t 24 |RTN
23 | LBL 02 |2 23 |LBL
13]|c 81 [+ 15 |E

33 06 |STO6 41 [t 34 04 |RCLA4

35 07 | g x2y 31 |f 31 |t
24 | RTN 83 | INT 05 | Cos
23 | LBL 35 21 | gx#y 7 |x
13|C 22 | GTO 34 06 |RCL6

33 05 [STOS 01 |1 61 |+
51 | — 35 09 | g Rt 84 | R/S

35 08 | g RY 35 09 | g RT 34 02 [RCL2
51— 42 [ CHS 34 04 |RCL4

35 09 | g Rt 35 09 | g Rt 31| f

35 07 | g x2y 35 09 | g Rt 04 | SIN
31| f 23 | LBL 71 | x
01 [ R>P 01 |1 34 05 | RCLS

34 01 |RCL1 35 08 | g R 61 |+

35 07 | g xey 3 |f 84 | R/S
81 |+ 83 | INT 35 01 | g NOP

33 02 |sTO2 011
44 | cLX 8!8

35 24 | g OV 000
03(3 71| x
06 |6 61|+

Ri 2x Area (2) [Ra Az2-3 Ry

Rz 2A/Base Rs Point2E Rs

Rz Az2-1 Re Point2N Rg Used

U e
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CODE | KEYS CODE | KEYS CODE!| KEYS
23| LBL 06 | TAN 34| RCL
11| A 35| g 09| 9
33 01| STO1 04 1/x 34 04| RCL 4
24| RTN 33| sTO 33 02| STO 2
23| LBL 61| + 81| +
12| B 055 33 04| STO4

33 02| STO2 34 02| RCL 2 44} CLX
24| RTN a1 24| RTN
23| LBL 32| ! 23| LBL
13/ C 09| vVx 15| E

33 06| STO®6 34 01| RCL1 34 07| RCL7
32| 72 02| 2 84| R/S
03| -D.MS 7| x 34 03| RCL 3
41] t 34 05| RCLS 84| R/s
3| f 71| x 34 04| RCL4
" 04| SIN 51| — 84| R/s

33 03| STO3 3| f 34 06| RCL6

35 07| gx2y 09| Vx| 23| LBL
31| f 51| — o1 1
06| TAN 34 05| RCLS 42| cHs
35| g 81| + 01| 1
04 1/x 33| STO 08| 8

33 05| STOS 09| 9 00| O
24| RTN 34 05| RCLS 3| ¢
23| LBL M| x 02| D.MS+
14| D 34 02] RCL2 84| R/S

33 08| STO8 35 07| gx2y 34 08| RCL 8
32| ! 51) — 22| GTO
03| +D.MS 33 07| STO7 o1] 1
4|t 34| RCL | 35 011 g NQP |
31| f 09} 9
04 SIN 34 03| RCL3

33 04| STO4 33 01| STO1

35 07| gx2y 81 +
31 f 33 03| STO3

Ri Area/SIN41  |[RasiN<42/Side2  |R7 Base 2

R2 Base 1/5IN €2 [RscTN<1+CTN <2 |Rag

R SIN<1/Side 1 [Rgf Rg Used
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VOLUME BY AVERAGE END AREA

CODE | KEYS CODE | KEYS CODE | KEYS
23| LBL 33| sTO 61 | +
1"|A 61| + 08| 8

34 06 | RCL B 06| 6 33| stO

33 07|ST07 34 03| RCL3 0|9
44 | CLX 3301 | STO1 44 | CLx

33 06 STOS 34 04| RCLA 84 | R/S
84 | R/S 3302 STO2 23 | LBL
23| LBL 34 05| RCLS 15| E
12(8 3303| sTO3 34 | RCL

3301({sTO1 84| R/S 09| 9
84 | R/S 23| LBL 84 | RS
23| LBL M| A 34 08| RCLS
1| A 3304 STOS 84 | R/S

33 02| STO 2 84 | R/S 02| 2
84| R/S 23| LBL 07| 7
23| LBL 12| B 81| +
12|8 3305| STOS 24 | RTN

3303|s7T03 22| GTO 35 01 | g NOP
84| R/S ot| 1 35 01 | g NOP
23 8L 23| LBL 35 01 | g NOP
M"|aA 13| ¢ 356 01 | g NOP

3304 sTO4 34 06| RCLS 36 01 | g NOP
84 | R/S 3B 9 36 01 | g NOP
23| LBL 08| ABS 36 01| gNOP
12| 8 3308| STOS 35 01| gNOP

33 05|STOS 84| R/S 35 01 | gNOP
23| LBL 23| LBL 35 01| 9 NOP
011 14| O 35 01| gNOP

34 02| RCL 2 34 08| RCLS 35 01| gNOP

34 05| RCLS 34 07| RCL7 36 01| g NOP

34 01| RCL 1 81| +
51| — M| x
71| x 02| 2
02(2 8t| =+
81|+ 33| sTO

Ri  Used IR. Used [R, Last Ares

R Used Rs Used Re = Volume

R Used Re Area Ro  Used

R R R,
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VOLUME OF BORROW PIT
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CODE | KEYS CODE | KEYS CODE | KEYS
31 f 71 (x 35 01 | gNOP
43 | REG 33 |STO 35 01 | g NOP
84 | R/S 61 |+ 35 01 { gNOP
23 | LBL 02 |2 35 01 { g NOP
11 {A 84 |R/S 35 01 | g NOP
84 |R/S 23 (LBL 36 01 | gNOP
23 (LBL 15 |E 35 01 | gNOP
1 [A 34 02 [RCL2 36 01 | g NOP
71 [x 84 |R/S 35 01 | gNOP
06 |6 02 |2 35 01 [ gNOP
81 |+ 07 7 356 01 | gNOP

33 03 |[STO3 81 |+ 35 01 | gNOP
22 |GTO 84 |R/S 356 01 { gNOP
01 |1 36 01 | g NOP 35 01 | gNOP
23 |LBL 35 01 |9 NOP 35 01 | gNOP
12 |8 36 01 g NOP 36 01 | gNOP
84 |R/S 35 01 |gNOP 36 01 | gNOP
23 |LBL 35 01 | g NOP 35 01 | g NOP
12 |8 35 01 | gNOP 35 01 | gNOP
71 | x 35 01 | g NOP 36 01 | gNOP
04 |4 35 01 | gNOP 36 01 | gNOP
81 |+ 35 01 [gNOP 35 01 [ gNOP

33 03 [STO3 35 01 | g NOP 35 01 | gNOP
23 |LBL 35 01 | g NOP 35 01 | g NOP
01 |1 35 01 { gNOP 356 01 | gNOP
44 (CLX 35 01 [ g NOP 36 01 | g NOP
41 |t 35 01 | gNOP 35 01 | gNOP
84 [R/S 35 01 | g NOP 35 01 | gNOP
23 |LBL 35 01 | g NOP 36 01 | g NOP
13 |C 35 01 [ gNOP 36 01 | g NOP
61 [+ 35 01 [ gNOP
84 |R/S 35 01 | gNOP
23 |LBL 35 01 | g NOP
14 |D 35 01 [ g NOP

34 03 [RCL3 35 01 | gNOP

Ry Tg TR,

R2 T vol. Rs Rs

R3 Grid Area Re )




