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See notice below drawing.

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.
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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.

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 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.

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

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.

Same except shall be not less than 0.250 inches instead.

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

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 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.

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.

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.

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

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

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 
shall be not less than 1.0 inches.

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

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.

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.

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.

Thickness in inches of firebox tube sheet. Same.
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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

Values for variables L, T, D and E ACTUAL automatically entered from "Lowest Reading Calc" sheet.

Depth of boiler water above the highest part of the crown sheet when the 
locomotive is traversing track grade SG with smoke box up from when on level track 
shall be not less than 0.25 inches.

Minimum vertical distance in inches between the lowest reading of a water gauge 
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.

Thickness in inches of firebox tube sheet.

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 
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 
sheet.

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. 
See Note No. 1 above.

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

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.

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.

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



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.
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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.

Excel Workbook Produced by Jeffrey G. Hook    Revision of September 1, 2025

Depth of boiler water above highest part of 
crown sheet when boiler water level is at 
center of bottom gauge cock, in inches.

Depth of boiler water above highest part of 
crown sheet when boiler water level is at 

lowest reading of lower water glass, in inches.

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.

Locomotive on track gradient with 
smoke box up from when on level 

track.
Track gradient in percent.

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.



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

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 
described as being 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.
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SPOKANE, PORTLAND AND SEATTLE RAILWAY CLASS E-1 4-8-4 TYPE  No. 700

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.
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Image recorded by J. M. Signorini, circa 2025.

Image of boiler back head illustrating application of water gauge legend plate.
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