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13-1 Drilling fluid calculations:

Most drilling fluid engineering calculations relate to changes in the
volume and density of drilling fluid as a result of the addition of
various solids and liquids.

There are two main hypotheses in calculating this:

- The volumes of each material are cumulative.
- The weights of each material are cumulative.

Vs + Vm1 =Vm2 13-1
Ws + Wm1 = Wm2

_w
P=7

W=pxV
ps Vs + pm1 Vm1 = pm2 Vm?2 13-2

where :

Vs: solid volume.
Vm1: Initial drilling fluid volume.

Vm2: Final drilling fluid volume.)

ps: density of solids.

pm1: Density of primary drilling fluid.
pm2: Final drilling fluid density.



From Equ.(13-1):

Vm1 =Vm2 - Vs

Substitute in an equation (13-2):

ps Vs + pm1 (Vm2 —Vs) = pm2 Vm2
ps Vs + pm1 Vm2 — pm1Vs = pm2 Vm2

_Vm2(pm2-pm1)

Vs 13-3
ps— pml

since itis: Vm2=Vs+Vm1 (Eq13-1)

Substitute in an equation(10-3):

Vs = Vvm1l (pm2— pm1l) 13-4

ps— pm2

The use of one of the two equations ( 13-4, 13-3 ) depends on the
known volume. If the known volume is Vm2, the equation is used:
(13-3).

If the known volume is Vm1, the equation is used :(13-4).

The volume ratio of solids in the drilling fluid is:

s x 100 = L2 P 4100 13-5
Vm2 ps— pm2



13-1-1 Barite to increase the density:

In the case of using the Barite to increase the density, its volume
can be expressed in sacks, as it is sold in sack, each of which
weighs: 100 pounds, and the size of the sack: 0.373 cubic feet.
The volume of one sack of Barite = 0.373 / 5.61

= 0.0665 bbl/bag.

Therefore, one barrel of Barite equals 15 sack of Barite.

Let's say that is the number of Barite bags needed to increase the
density of 100 barrels of drilling mud from to, then equation (13-1)
becomes:

(Note that the density of Barite is: 35.8 Ib/gal)
SB — 100 ( pm2—- pm1l)

15 35.8— pm2

_ 1500 (pm2—- pm1)
35.8— pm2

SB 13-6

Where SB: Number of Barite sacks.



13-1-2 Bentonite to increase the density

In the case of using the Bentonite to increase the density, its
volume can be expressed in sack, as it is sold in bags, each of
which weighs: 100 pounds, and the size of the sack: 0.641 cubic
feet.

The volume of one sack of Bentonite = 0.641 / 5.61

= 0.114 bbl/bag.

Therefore, one barrel of Bantonite equals 8.75 sacks.

Let's say that is the number of Bantonite sack needed to increase
the density of 100 barrels of drilling mud from to, and then
equation (13-1) becomes:

(Note that the density of barite is: 20.8 Ib/gal)

SC _ 100 (pm2- pm1l)
8.75 20.8— pm2

_ 875 (pm2—- pm1l)
20.8— pm2

SC 13-7

Where SC: Number of Barite sacks.



13-1-3 To decreased the density:

Density is reduced by adding a liquid such as water or diesel, the
equation ( 13-1) takes another form as follows:

Suppose we use water of density 8.33 Ib/gal to dilute the density
of a drilling fluid, so the equation is written as follows:

8.33 Vw + pm1 Vm1 = pm2 Vm2

Vm2 = Vw + Vm1

8.33 Vw + pm1 Vm1 =pm2 (Vw + Vm1)
Vw (pm2 — 8.33) =Vm1 (pm1- pm2 )

— Vm1l ( pml1l—- pm?2) 13-8

Vw
pm2—-8.33




Ex.1: A 9 ppg drilling mud composed for Bentonite (sp.gr = 2.5) and water has
volume of 500 bbl was weighted -up by barite (sp.gr = 4.3) to the density 12
ppg , calculate,

1) Total volume % of solid in mud?

2) Total weight % of solid in mud?

3) Amount of barite in sack and ton?

Solution: b
l)V - Vi (Pmz ~Pmy)
‘ Ps=Pma
v—"L +100% = ?{—}fh 100%
m2 1 i
For Bentonite —=+ 100% = 2:::’;3 + 100% = 5.3%
ﬂIZ
For Barite -;- +100% = -}% +100% = 11%

Total volume of solids =5.3+11=16.3 %

(Pm2~Pm1)
=2

Y5 L 100% = 2ellmaPms)
Pmz2Vm2 Pmz(Ps—Pms)

For Bentonite
PsVs _ 208+(9-833) _
_Pm"mz 100% = Tl 12.5%



y PeVy - 35.8+(12-9)
For Barite o 100% = T

Total weight = 12.5+33 = 45.5%

- "m(EE;'Pm)
v, =
Ps~Pm2

_ 500+(12-9)
Vg == 63 bbl !

1 bbl of Barite = 15 sack
No. of Barite sack = 1563 =945 sack
Weight of 1 sack of Barite = 100 Ib

. 0451100 _
Weight of Barite e 47.25 ton
1ton=2000Ib

= 33%



Ex.2: Drilling mud has a volume of 1000 bbl and density 9 ppg. Calculate the
volume of barite that required increasing density to 14 ppg provided that:

1) The volume of mud remains constant.

2) The volume of mud increase.

Solution:
1) V. = Vln:{Pm:'Pm)
. Ps=Pm R
_ 1000+(14-9) _
Vi e 186.5 bbl
v, = Vi1 (Pmz ~Prm1)
. Ps=Pm2
_ 1000+(14-9) _ _
§= e == 229.4 bbl

The final volume = vy + v, = 1000 + 229.4 = 1229.4 bbl



Ex.3: 1) How much fresh water must be added to 1000 bbl of 12 ppg mud to
read its density 10 ppg

2) What will be the result volume?

Solution:
- N
Vi = "ml(Pml Pma) [
Pmz~Pw
= 220210 = 1197 bbi
YT 10-833

The total volume = 1000 + 1197 = 2197 bbl

Ex.4: A well of diameter 12 % in ( capacity =0.15 bbl/ft ) is drilled by drilling
mud of density 9.6 ppg at drilling velocity of 23 ft/min and flow rate 720 gpm,
if the density of cutting rock is 20.8 ppg. Find the density of drilling mud in the
annulus taking in to account effect of cutting rock?

10



Solution:

Volume of cutting rock = capacity * drilling velocity = 0.15 * 23 = 3.45 bbl / min

=450, o8 _ -
=345 = 42 i 144.9 gal / min

Vit (Pmz = Pm1)
T Ps= Pm
- 720+( 1'9.6)
49 = b0
pm2 = 11.48 ppg

X

Ex.5: 800 bbls of mud prepared from water and bentonite (vol. % = 5%). Barite
was added and density became 12.5 ppg. Find the amount of barite in tons.

Va2 (Pm2 ~Pm1)
Ps~Pma
— 4 100% = 2P , 1009
~Pmi

'/
Vm2 Ps~Pm

_ Pmy—833
0.05 = B4 100%

Pm2 = 8.9 ppg
Yy (Poma Py ) S
Ps~Pm2
_ 800+(12.5-89)
$T 388-125
Wi = P Ve
=35.8 *123.6°42 = 185844 Ib

Wg, = % =929 ton

= 123.6 bbl for Barite

11



Ex.6: Drilling mud with 16 ppg density. The volume percentage of solids in it is
(32%). Calculate the percentage of each one in the mud.

Solution:
W, + WM],: Wuq

PV # Pt Vit =Pmz V2

PbaVin # PeVie Pt Vit = P2 Vim2

Vio # Vi = %2%

Vbo 20,32+ Vix

Vy = 100% - 32% = 68%

20.8%(0.32- Vi) + 35.8*Vi, +8.33°0.68 = 16*1
Vi = 24.6%

Vbn=0.32-0.246 = 7.4%

12



13-2 Inner volume

Seas b ol a2 o) Cadaall il gl jaad) Y JSal aasll 4y il
UAA_\L»;HJ g_\:u\_x‘!\ XYY d;\d&d};}.d\ ‘)A;j\ éﬁu‘)\m ngi@dmﬁgjt_&yh‘X.\
laT) Cilas gl 58 5 Ay Aol

Oilfields units
Inner volume = (ID" 2/1029.4) * L

Where: Inner volume

Al sl sl Y ) 5 Calal) il o aadl s JA0AN anall s
(o) Bas 5 1 0

ID: inner diameter, inch

L 188 05 o o 5 L) GBae ) (A8 Lgas s ll i1 J o 58

Example 1:

Drill pipe inside diameter = 6.125"
Hole depth = 3000 ft

Calculate inner volume?

Inner volume = (6.125*2 / 1029.4) * 3000 = 109 bbl
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13-3 Internal capacity factor :

Aol dad) Clus o 9ildl Liae 518 J5Y) mllacadl) (e 1S Calisg ¥ xlhuadll 12a
Jraniins Jshall lbda 5 iV (s ) o) 2Ly o) Cadaall il 5 jaall sy
ad 32 g ISyl o) oS Adalall dad) e

Inner Capacity in bbl/ft = ID*2 / 1029.4

Inner capacity factor , bbl / ft

Example 2 :

Determine Internal Capacity Factor in bbl/ft of a 6 1/8 in.
Sol.

Internal Capacity Factor in bbl/ft = 6.125%2/1029.4
Internal Capacity Factor in bbl/ft = 0. 0364 bbl/ft

Example 3:

Calculate inner volume when Internal Capacity Factor = 0. 0364
bbl/ft, Hole Length = 3,000 ft

Sol.
Inner bVolume = 0. 0364 x 3,000 = 109.2 bbl
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13-4 Annular volume:

Q'.HJ\SJJM\QG.}H\QHJJM\%U\OHESQ\E\)Q\QJ%}A\?#\@M&
Aty ddaladl) wum;ﬂ}uﬂd\ i) o g aadl bl

Annular volume = (ID"2-0D"2/10294 ) *L

ID: Il Ll g aall b andieeall 5 sl andi ga 5 all 2l Lal s

CEY) Bas g )53 (5Ss O) eag 5 calal) s

OD: (V) 3as 5 ) o U8Y1 Canlil o) sl ans s jladl lasl) g

Annular volume : Skl g 5z Y 5l siall il G ) seasall alall aaall
el Bas g0 ) 3t Canladill ) G 53 ) 52l Db

Example 4:
Hole size (ID ) = 6-1/8 in.
Drill pipe OD (OD ) =3.5 in.
Hole depth = 1000 ft
Annular volume = (6.125%2 — 3.5 *2) +1029.4 * 1000 = 24.5 bbl
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13-5 Annular capacity factor :

Annular capacity in bbl/ft = (ID?2 — OD”2) /1029.4

Example 5:

Hole size (ID) =6 1/8 in.

Drill pipe (OD) = 3.5 in.

Annular capacity in bbl/ft = (6.125%2 — 3.5* 2) +1029.4
Annular capacity = 0.0245 bbl/ft

Y1 AR Al gy Al aaadl il (S 208 JS Ailal) Aol il 2y Lld

Annular volume in bbl = annular capacity (bbl/ft) x length of
annulus (ft).

Example 6:

Annular capacity = 0.0245 bbl/ft

Length of annulus = 1000 ft

Annular volume = 1000 x 0.0245 = 24.5 bbl.
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13-6 Plain pipe displacement:

eom ol il miles e Ll il Jala ) Z U1 ) Calial ) sl calsl J) 3 xie
At ial) i) alicin 53 Sonl Cune e JA 2 o3 5 ks Casnn ailall 3 (e
Gagi Ll Jslaad) o) il aile 8 dal 3Y) ey Cayad dailill 3aSl 038 5 Lganal
b iall Gl aaal daii aal aile (po (il Il A1 iaey ial) cadil aaal

AY) Aaleall (o oy 5 )

Pipe Displacement in bbl/ft = (OD*2 - ID*2)/1029.4
Pipe displacement »3 JS i) dan 58
ID G 3as 5 108 oD JS0a) Skl 58

OD (¥ sas o1 ) yaa A_\:u\_am @J\Aﬁ\ )LH\JA

Example 7
Determine pipe displacement in bbl/ft of 9-5/8” casing 40 ppf,
OD =9.625in, ID = 8.835 in

Pipe Displacement of 9-5/8” casing 40 ppf in bbl/ft = (9.625 " 2 —
8.83572 )/ 10294

Pipe Displacement of 9-5/8” casing 40 ppf in bbl/ft = 0.01417
bbl/ft

Plain Pipe displacement

5 Jsh ) iyl Jaa) die il aile e (il laie Clua (Say 40 12a aga
OIS 7 QB 5 Mad sl aile juiaat tie e ) 8 3 g Gailil) 138 4 slea Gac
OsSs 2g) dngii 5 08 6000 58 iVl o34 i s g3 yiull Gae o Lium ji ol

Jae 85 5o bV JI 33 Aag Jaall aile (e (aildl] aaall
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die AN G e Al ()5S o)) sy Rl aaall 1385 (6000 * 0.01417 )

(1029.4 ) 28 sla cis

aaall Clua 0518 220 5 Die Clas o) 4 ) gy il 5 AL il ) e 33 520l
;&s\ﬂ\

Inner volume capacity =1D *2/1029.4
Claa gl oy silal) AU aes oY)
bbl/ft = (in”2/1029.4)

et A Aabaall Cppay Ao ilas gl ¢ 5S8 o) ang dpaly ) Aalas oY daa b IS
paa g o) aad Adlaall Aaleall 30 gadliy g ddaladll jln e

bbl/ft sl O Sy ¥ in/2
Ailaie Glas ) Cnal Aalaall e 1029.4 &80 Jsaas (S
1029.4 ¢lx aSé (Zlo¥) il ) il ol saall il Jiad 4l ghaul Lnal () G il

Area of circle (square inch) = (11+4) x ID *2

Area ( inch?2 ) = Volume inch”3 / height inch

oy g Aghadill Jgaall 8 a05ud Vg pan (B Bas g A uaSall Y ulall Bas
Cilan gl BVl 5 GV Gl g acily iy Jgdall 8 QS Jua ) Bas g Lellagid
PR

-~

1 bbl = 5.6145 ft3
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1ft=12inch

1 inch = 0.08333 ft

1 bbl = 9702 cubic inch (in3)
A5l Aotaall Y1 3 gad

Volume (inch?3) /height (inch) = Area (inch”*2)

Volume (bbl) / hight (ft ) = area (in2) x (1 bbl /9702 inch3 ) x
( 1inch /0.0833 ft)

Volume ( bbl/ft ) = (T1/4) (IDA2)/(0.08333 x 9702 )

Capacity bbl/ft = ID*2/1029.4
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