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See notice below drawing.

Instructions for Excel Calculator that Establishes the Elevation
of the Lowest Reading of a Water Gauge or Center of the Lowest
Gauge Cock Applied on a Steam Locomotive Boiler using
Baldwin Locomotive Works Standard Practice Sheet
12-1C Sketch No. 4 Principles

Deerfield and Roundabout Railway

Lake Forest Live Steamers Railway Museum

Produced by J. G. Hook

Formulas: E=(L+T)*(G/100)+D

Calculator variable D, always entered.
Minimum allowed depth of boiler water
above the highest part of the crown
sheet when the locomotive is traversing
track grade G with smoke box up from
when on level track.

therefore G=(E-D)/(L+T)* 100

Calculator variable E, may be result (minimum required) or
entered (actual ascertained). Vertical distance in inches
between the elevation of the highest part of the crown sheet
and the elevation of the center of the lowest boiler gauge
cock or lowest reading of the water gauge with the
locomotive standing on level track.

— ®

Elevation of lowest reading of the
water gauge (lowest level of

boiler water that may be visible in
the water gauge) with locomotive
standing on level track. —

Also elevation of center of the
lowest gauge cock when applied.

®

Smoke
box end
of boiler.

Highest part of crown sheet. /

o

/—®

/

Calculator variable T, always entered.
Thickness in inches of firebox tube sheet. L

specified as variable G.

Calculator variable G, may be result or entered. Maximum track grade in percent
that the locomotive may traverse with smoke box up from when on level track
and the level of boiler water at the center of the lowest gauge cock or at the
lowest reading of the water gauge indicates a depth of boiler water not less than
calculator variable D entered exists above the highest part of the crown sheet.

Equivalent to the line labeled "UP GRADE" on Baldwin Locomotive Works
(BLW) Standard Practice Sheet (SPS) 12-1C Sketch No. 4 of 1-3-1936.

If this drawing was rotated clockwise so as to make this line horizontal, then it
may be understood instead that the line represents the surface of the boiler water
when visible at the lowest reading of the water gauge with the locomotive
standing with smoke box up from when on level track on track on a grade

Elevation of the highest part of
crown sheet with the locomotive |—
standing on level track.

Calculator variable L, always entered. First definition
(illustrated): Horizontal distance in inches measured parallel to
the center line of track from the vertical center line of the water
gauge to the fire side of the firebox tube sheet. Second definition
(not illustrated): Horizontal distance in inches measured parallel
to the center line of track from the point on the boiler back head
or boiler water column where the lowest gauge cock is installed
to the fire side of the firebox tube sheet.

NOTICE: Any and all information, data, images or drawings published as part of this Excel workbook have been prepared solely for the non-
commercial amateur engineering use of designers, builders, maintainers or operators of one-eighth scale miniature railway track,
locomotives or rolling stock. It has been compiled from information sources believed by Lake Forest Live Steamers Railway Museum
Incorporated and any author credited to be competent. However, recognizing that each component of any system must be designed and
installed to meet the particular circumstances, Lake Forest Live Steamers Railway Museum Incorporated and any author credited assumes
no responsibility or liability of any kind in connection with the information, data, images or drawings published as part of this document
that are used in any way by any person or organization and makes no representations or warranties of any kind hereby.




Excel Calculator that Establishes the Elevation of the Lowest Reading of a Water Gauge or Center of the Lowest Gauge Cock
Applied on a Steam Locomotive Boiler using Baldwin Locomotive Works Standard Practice Sheet 12-1C Sketch No. 4 Principles

Note No. 1: Measurements shall be ascertained only when locomotive is standing on level track
and locomotive weight and spring rigging is in normal working order.

Enter values for variables L, T and D in all cases.

Full Scale Practice

1:8 Scale Miniature Practice

Variable
Applicable to BLW SPS 12-1C Sketch No. 4 Applicable to 7.5 Inch Nominal Gauge of Track DRRY
L Horizontal distance in inches measured parallel to the center line of track from the |Horizontal distance in inches measured parallel to the center line of track from the
Entered point on the boiler back head or boiler water column where the lowest gauge cock |vertical center line of the water gauge to the fire side of the firebox tube sheet.
is installed to the fire side of the firebox tube sheet.
0.000
T Thickness in inches of firebox tube sheet. Same.
Entered
0.000
D Depth of boiler water above the highest part of the crown sheet when the Same except shall be not less than 0.250 inches instead.
Entered locomotive is traversing track grade G with smoke box up from when on level track
shall be not less than 1.0 inches.
0.000

IN 1:8 SCALE MINIATURE PRACTICE VARIABLE D MUST NOT BE ENTERED AS LESS THAN 0.250 INCHES

To find resulting value for variable E enter value for variable G.

G

Maximum track grade in percent that the locomotive is intended to traverse with

Entered

0.00

smoke box up from when on level track and the level of boiler water at the center
of the lowest gauge cock indicates a depth of boiler water not less than D exists
above the highest part of the crown sheet. The value G to be specified by the
railroad company requesting construction of the locomotive subject to being less
than 7.0 percent.

Maximum track grade in percent that the locomotive is intended to traverse with
smoke box up from when on level track and the level of boiler water visible at the
lowest reading of a water gauge indicates a depth of boiler water not less than D
exists above the highest part of the crown sheet. Taken as 2.5 percent or that as
specified by current rules and regulations of the DRRY or LFLSRM.

E MINIMUM

Result

Minimum required vertical distance in inches between the elevation of the highest
part of the crown sheet and the elevation of the center of the lowest boiler gauge
cock. If the result for E is less than 3.5 inches then 3.5 inches shall be used instead.
(See Paragraph 3 on BLW SPS 12-1B and Note No. 1 on BLW SPS 12-4A)

Minimum required vertical distance in inches between the elevation of the highest
part of the crown sheet and the elevation of the lowest reading of a water gauge. If
the result for E is less than 0.500 inches then 0.500 inches shall be used instead.

To find resulting value for variable G enter value for variable E.

E ACTUAL

Entered

0.000

Actual vertical distance ascertained in inches between the elevation of the highest
part of the crown sheet and the elevation of the center of the lowest boiler gauge
cock. See Note No. 1 above.

Actual vertical distance ascertained in inches between the elevation of the highest
part of the crown sheet and the elevation of the lowest reading of a water gauge.
See Note No. 1 above.

G

Maximum track grade in percent that the locomotive shall be allowed to traverse

Result

with smoke box up from when on level track and the level of boiler water at the
center of the lowest gauge cock indicates a depth of boiler water not less than D
exists above the highest part of the crown sheet.

Maximum track grade in percent that the locomotive shall be allowed to traverse
with smoke box up from when on level track and the level of boiler water visible at
the lowest reading of a water gauge indicates a depth of boiler water not less than
D exists above the highest part of the crown sheet.

Notes

A series of four Baldwin Locomotive Works Standard Practice Sheets related to the
locating of gauge cocks and water gauges on steam locomotive boilers of their
former production are presented in their entirety in the Lake Forest Live Steamers
Railway Museum / Deerfield and Roundabout Railway document titled
Fundamentals of Steam Locomotive Boiler Water Level Management.

If installed, the center of the lowest gauge cock applied to the boiler back head or
water column shall be at the same elevation as that determined for the lowest
reading of a water gauge.
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Instructions for Excel Calculator that Establishes the Minimum
Height of Boiler Water That MUST be Visible Above the Lowest
Reading of a Water Gauge to Allow a Steam Locomotive to

Deerfield and Roundabout Railway
Lake Forest Live Steamers Railway Museum

Traverse a Steep Track Grade using Baldwin Locomotive Works ‘ Produced by J. G. Hook

Standard Practice Sheet 12-1D Paragraph 8 Principles

Formula: H=(L+T)*(SG /100)+D-E

Actual vertical distance ascertained in inches between the
elevation of the highest part of the crown sheet and the
elevation of the lowest reading of the water gauge with
the locomotive standing on level track.

Calculator variable E, always entered (actual ascertained).

Calculator variable D, always entered. Minimum
allowed depth of boiler water above the highest
part of the crown sheet when the locomotive is

Calculator variable H, result only.

Minimum vertical distance in inches Legend plate securely mounted in close

between the lowest reading of the proximity to the water gauge with

water gauge and the surface of the explanatl.on.of grade Sq a.nd horizontal

boiler water visible in the water gauge arrow pointing to the minimum level of -

when traversing grade SG with smoke boiler water that must be visible in the water

box up from when on level track. gauge when traversing grade SG with smoke
box up from when on level track. Based on
BLW SPS 12-1D Paragraph 8 principles.

traversing track grade G or SG with smoke box @
up from when on level track. T = /E\
&/
LEGEND
PLATE
Smoke
box end Highest part of crown sheet.
of boiler.
@©
@
Calculator variable T, always entered.
Thickness in inches of firebox tube sheet. L
Lowest reading of the water gauge
(lowest level of boiler water that
3 - - may be visible in the water gauge).
Calculator variable SG, always entered. Maximum steep track grade in percent
that the locomotive may traverse with smoke box up from when on level track
and the level of boiler water visible in the water gauge at or above the arrow on Calculator variable L, always entered. First definition
the legend plate mounted in close proximity to the water gauge indicates a (illustrated): Horizontal distance in inches measured parallel to
depth of boiler water not less than calculator variable D entered exists above the center line of track from the vertical center line of the water
the highest part of the crown sheet. gauge to the fire side of the firebox tube sheet. Second definition

(not illustrated): Horizontal distance in inches measured parallel
to the center line of track from the point on the boiler back head
or boiler water column where the lowest gauge cock is installed
to the fire side of the firebox tube sheet.




Excel Calculator that Establishes the Minimum Height of Boiler Water That MUST be Visible Above the
Lowest Reading of a Water Gauge to Allow a Steam Locomotive to Traverse a Steep Track Grade
using Baldwin Locomotive Works Standard Practice Sheet 12-1D Paragraph 8 Principles

Note No. 1: Measurements shall be ascertained only when locomotive is standing on level track

and locomotive weight and spring rigging

is in normal working order.

Values for variables L, T, D and E actuaL automatically en

tered from "Lowest Reading Calc" sheet.

1:8 Scale Miniature Practice

Variabl
ariable Applicable to 7.5 Inch Nominal Gauge of Track DRRY
L Horizontal distance in inches measured parallel to the center line of track from the
vertical center line of the water gauge to the fire side of the firebox tube sheet.
Entered
0.000
T Thickness in inches of firebox tube sheet.
Entered
0.000
D Depth of boiler water above the highest part of the crown sheet when the
Entered locomotive is traversing track grade SG with smoke box up from when on level track
shall be not less than 0.25 inches.
0.000
IN 1:8 SCALE MINIATURE PRACTICE VARIABLE D MUST NOT BE ENTERED AS LESS THAN 0.250 INCHES
E Actual vertical distance ascertained in inches between the elevation of the highest
ACTUAL part of the crown sheet and the elevation of the lowest reading of the water gauge.
Entered See Note No. 1 above.
0.000

To find resulting value for variable H enter value for variable SG.

SG

Maximum steep track grade in percent that the locomotive is intended to traverse
with smoke box up from when on level track and the level of boiler water visible at

Entered
the value H vertical distance above the lowest reading of the water gauge indicates
a depth of boiler water not less than D exists above the highest part of the crown
0.00 sheet.
H Minimum vertical distance in inches between the lowest reading of a water gauge
Result and the surface of the boiler water visible in the water gauge when traversing track

grade SG with smoke box up from when on level track.
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FORMER DENVER AND RIO GRAND WESTERN RAILROAD ENGINE No. 473 IN SERVICE ON DURANGO AND SILVERTON RAILROAD CIRCA 2020

Image of boiler back head illustrating legend plate securely mounted in close proximity to the water gauge.

Legend plate with horizontal arrow and reading "WATER MUST SHOW HERE GOING UP 3% GRADE."

Image recorded by B. M. Caughron.

)
473
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UNION PACIFIC RAILROAD WASATCH CLASS 4-8-8-4 TYPE ARTICULATED STEAM LOCOMOTIVE

Image of boiler back head illustrating application of overlapped tandem water gauges (water glasses) in order to provide for extended reading of level of boiler
water. Lowest gauge cock (bottom gauge cock) located at the same elevation as the lowest reading of the upper water gauges instead of located at the same

elevation of the lowest reading of the lower water gauges.

Approximate horizontal distance measured parallel to the center line of track from vertical center line of water column to combustion chamber tube sheet 343

inches. See drawing below.

These locomotives are equipped with two water
columns each having two standard-length water glasses,
and the right-hand water column is provided with three
gauge cocks. The height of water above the highest
point of the crown sheet on level tangent track is 1014
in. with the water level in the boiler at the bottom gauge
cock. Each pair of water glasses is applied with a ver-
tical difference of 52 in. in the lowest water-glass in-
dication. The upper water glass is for indicating the
height of the water in the boiler on level track or ascend-
ing grades, and the lower water glass is for indicating
the height of the water in the boiler on descending grades.

Description above excerpted from Railway Age
article originally published on October 4, 1941

ELEVATION OF LOWEST READINGS
OF UPPER WATER GAUGES AT SAME
ELEVATION AS BOTTOM GAUGE COCK.

ELEVATION OF LOWEST READINGS
OF LOWER WATER GAUGES BELOW
ELEVATION OF BOTTOM GAUGE COCK.

BOTTOM GAUGE COCK.

Note: The upward angle of the camera produces parallax in the image that results in the appearance of the
lowest reading of the right upper water gauge not being at the same elevation as the bottom gauge cock.

L ti track dient with
ocomative on track gracient wi Depth of boiler water above highest part of Depth of boiler water above highest part of
smoke box up from when on level K . . .
track crown sheet when boiler water level is at crown sheet when boiler water level is at
o center of bottom gauge cock, in inches. lowest reading of lower water glass, in inches.
Track gradient in percent.
0.00 10.500 5.000
0.50 8.785 3.285
1.00 7.070 1.570
1.25 6.213 0.712
1.50 5.355 0.000
2.00 3.640 0.000
2.50 1.925 0.000
2.75 1.068 0.000

)

0.000 indicates highest part of crown sheet
NOT submerged under surface of boiler water.

SCALED FROM DRAWING AND TAKEN AS 343 INCHES.

DISTANCE MEASURED PARALLEL TO CENTER LINE OF TRACK BETWEEN RIGHT SIDE WATER
COLUMN AND HIGHEST PART OF CROWN SHEET AT COMBUSTION CHAMBER TUBE SHEET
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REAR PORTION OF UNION PACIFIC RAILROAD WASATCH CLASS 4-8-8-4 TYPE STEAM LOCOMOTIVE
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Image of boiler back head illustrating application of extended height water gauge that permits ascertaining of the level of water in boiler when it is above the highest
gauge cock. Note the conventional application of the water gauge where its lowest reading is at the same elevation as the lowest or bottom gauge cock. Locomotive

GREENBRIER, CHEAT AND ELK RAILWAY 150 TON SHAY GEARED THREE-TRUCK TYPE LOCOMOTIVE No. 12

described as being for use on "Mountain Roads."
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Lima Locomotive Works, Inc.
Locomotive for the Greenbriar, Cheat & Elk Railway for use on Mountain Roads.
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SOUTHERN PACIFIC RAILROAD CLASS AC-12 4-8-8-2 TYPE CAB FORWARD ARTICULATED STEAM LOCOMOTIVE No. 4294

Image of fireman's side of boiler back head illustrating application of water gauge legend plate on which the upper horizontal cast line is labeled "DESCENDING
GRADE" and the lower horizontal cast line is labeled "ASCENDING GRADE." The engineer's side water gauge also includes a legend plate labeled in a similar manner.
These water gauge legend plates serve to remind the engine crew that the level of water that should be seen in the water gauge when a cab forward type
locomotive is headed in the forward direction on either a descending grade or an ascending grade is opposite to that which should be seen in a water gauge of a
conventional smoke box forward type locomotive when headed in the forward direction on either a descending grade or an ascending grade.

BELETT
A
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SPOKANE, PORTLAND AND SEATTLE RAILWAY CLASS E-1 4-8-4 TYPE No. 700
Image of boiler back head illustrating application of water gauge legend plate.
An additional arrow labeled “MINIMUM WATER LEVEL HEADING UP GRADES OVER 2%” is not included, therefore it may reasonably be assumed that the operating

or motive power department of this railway was aware of the fact that within the territory that this locomotive would normally be expected to be in service it would
not encounter an up grade of an amount steeper than 1% that would necessitate that such an additional arrow be affixed to the legend plate.

Image recorded by J. M. Signorini, circa 2025.
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- . STANDARD PFRALTICE :
THE BALDWIN LOCOMOTIVE WORKS 12 -1 B g
ENGINEERING DEPARTMENT S-zev :

!
!
f
i
1
| i
PHILADELFHIA, PA. l oere 1-9-36 '
”
i SUPERSEDING SREET 3T %ﬁ,‘& 4 APPROVED

& AU GE CO C KS sneer 12-3 Vit Saer o8 Wy M lex=4

BLW SPS 12-1B EXCERPT PRODUCED BY JGH 3-10-2019

ON ALL LOCOMOTIVE BOILERS, UNLESS OTHERWISE SPECIFIED, APPLY THE GAUGE COGKS ON THE
RIGHT SIDE OF THE BACK HEAD, WITHIN CONVENIENT REACH OF THE ENGINEER,

WHEN GRADES ARE NOT SPECIFIED, THE GAUGE COOKS ARE LOCATED ABOVE THE CROWN IN ACCOR-
DANCE wiTH TasiLe No. |,

WHEN GRADES LESS THAN 7% ARE SPECIFIED, THE GAUGE COCKS ARE LOGATED IN ACGORDANGE WITH
SxkETcH No. 4, BUT NEVER GLOSER TO THE CROWN SHEET THAN SHOWN IN TasLe No. |,

ON LOCOMOTIVES WITH LONG FIREBOXES, YO OPERATE ON GRADES OF 6Z Y0 7%, RAISE QUESTION.

THEN GRADES 7% AND OVER ARE SPECIFIED, THE GAUGE COOKS ARE LOGATED IN AGGORDANCE WiTH
SHEET [12-1D]

CONTINUED ON 12-1C.

STANDARD PRACTICF

THE BALDWIN LOCOMOTIVE WORKS 12" 1 c
SHEET
ENGINEERING DEPARTMENT
PHILADELPHIA. PA. DATE 1-3-3G

APPROVED

s

%, "2,
SUPERSEDING SMEE™ 30 ¥2,3 i
- ”
Sueet 12-2 s aV2e

GAUGE COCKS

BLW SPS 12-1C EXCERPT PRODUCED BY JGH 3-10-2019

TABLE Ne.! m
LOWEST COCK |[VERTICAL -
DIAME TER |aeove crown Pemect Y NELTRAL FOT l LOWEST BAUGE cock |
OF BETWEEN ' ol . _LowesToMsLes .

cocks v CRA — “*——‘_\—’___’—

BOILER  [DOMESTIC|FORTIGN| ~ A 5 _ oE = c———-—/“&“ o

X i L AT ANYl' pcINNT ‘l

48 & OVER SRS ,lf' 2 : 2 }

cmosn 1245 . : |

- 3“
sLoeng Br. | 22 | 32 el ! |
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STAND ORI PP "

THE BALDWIN LOCOMOTIVE WORKS. ‘2 4 Q
ENGINEERING DEPARTMENT.
PIHILADELPHIA, PA = D-\'n- /0-30-3&6 :

APHGROVED

WATER GAUGE & COLUMN =oremsem o 25252

BLW SPS 12 4A EXCERPT PRODUCED BY JGH 3 10 2019

STYL E#Z-OA?DEE B LW, STD. FRRANCEMENT-/.C.C. RECOMNMENDR T/ION.
COCK CD-3//0 WHEN : .
ELBow 15 REQ. - -
FITFING =B 140.0. corpeR P1rE
5" =
3 9-D.COPPER FIFE A
LOCRTEFITTINGS 9 —
WITMHIN THIS &1 17 F/TTINGS o
rESE :
BOSs-SA. 4 & 7603 GAVGE COCKS
SEENOTER R LOW WATER (hVEL ; : €2-9/125
FITTING=
r @ '—E ST re— rde 0 R/L LUNNEL
l _ 252570 | car3oes
15 DRRIN VG LVE '
/S SPECIF/IED,
- ORDER CD-9/89 FITTING
L poa/N vavE o) L S
. © VAERIRTION
LOCATE | 2 '¢co-3096 3 'srp. DRE AN FIAES 2 ,,//, 7 ,edrd
FATTINGS Wi THIN & C"D‘./ &35
TNESE </P5i T8 zi STD. DRAIN PIPE —o R
-
05S-SA. &/55,5— 17S7D. DRAIN PIPE—td*]

HIGHEST PART OF CROWN SHEET]
[ LOWEST READING OF WATER GAUGE

‘[ LOWEST GAUGE COCK

[ SUPERSEDED BY 12-1D
[ SUPERSEDED BY 12-1C }Z

NOTE / 'Lafﬁf/ﬂlv OF GRUGE COCK'S, WRTER GRUGE & COLUMN~SHEETS /2=3 & /2-37
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. STANDARD PRACTICE

THE BALDWIN LOCOMOTIVE WORKS 12- 1 D
* SHEET
ENGINEERING DEPARTMENT

PHILADELPHIA. PA. Date i=2-2€
7 FRADE | BinG TPac. LA AFPROVED
_OCATION* GAUGE COCKS™ 1inover  frumem vrs o vzas 7 anes, }(?f%

ANNOTATION IN RED BY JG6H 3-10-2019

. Lowest water line when running forward down grade.
9 inches about

c. Not less than 3 inches.

. Lowest water line on level track.
Lowest water line when running forward up grade.

. Water column.

. Gauge cocks

ug

GANAE CArVE

ON ENGIMES THAT ARE TO BE OPERATED ON GRADES (% AND OVER, THE GAUGE COCKS MUST BE
LOCATED SO THAT WHEN ENGINE 1S RUNNING FORWARD DOWN GRADE,THE WATER LINE wiLlL BE ABOUT A"
BELOW THE BACK EDGE OF THE OPENING IN THE BOILER UNDER THE DOME.

THE LOWEST GAUGE COCK TO BE LOCATED 3" ABOVE THE HIGHEST POINT OF CROWN WHEN ENGINE
1S ON LEVEL AND HIGHEST GAUGE COCK LOCATED SO THAT THERE WILL BE NOT LESS THAN 3"
OF WATER ABOVE HIGHEST POINT OF CROWAN WHEN ENGINE IS RUNNING FORWARD UP GRADE.

GAUGE COCKS TO BE 3" APART. APPLY FOUR GAUGE COCKS |F GRADE 1S STEEP ENOUGH TO REQUIRE
MORE THAN THREE.

A PLATE TO BE PLACED IN THE CAB WHERE {T CAN BE EASILY READ BY THE ENGINEER, GIVING
INSTRUCTIONS AS TO WHERE THE WATER LINE SHOULD BE WHEN THE ENGINE IS RUNNING FORWARD
UP AND DOWN GRADE.

THE EXPOSED LENGTH OF THE GLASS OF THE WATER GAUGE MUST NOT BE LESS THAN THE DISTANCE
BETWEEN THE LOWEST AND HIGHEST GAUGE COCKS.

THE LOWEST READING OF THE WATER GAUGE TO BEON LINE WITH THE LOWEST GAUGE COCK.

THE GAUGE COCKS TO BE NUMBERED CONSECUTIVELY, COMMENCING WITH THE LOWEST AS Na.l.

THE WATER GAUGE TG BE MARKED WITH A LINE OPPOSITE THE GAUGE COCK BELOW WHICH THE
WATER MUST NOT BE ALLOWED TO FALL WHEN ENGINE |S RUNNING FORWARD UP GRADE.
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