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Effects of water—based waste drilling mud on soil physical properties and sugar beet growth

WANG Xi*, ZHU Zhi-mei’, FAN Ji-ming’, ZHANG Peng’, FU Wei', ZHAT Wen—xi', HAO Ming—de', FAN Jun"

(1. Institute of Soil and Water Conservation, Northwest A&F University, Yangling 712100, China; 2.School of City and Environment,
Northwestern University, Xi’an 710127, China; 3.No.6 Gas Production Plant of Changqing Oilfield Branch of PetroChina Co., Ltd., Yan'an
727300, China)

Abstract: The effects of water-based waste drilling mud on soil physical properties and crop growth were studied. An indoor pot
experiment was used to add 2%, 4%, 8%, and 12% (dry matter basis) water—based waste drilling mud into both sandy and loam loess. To
alleviate the increase in soil pH caused by the addition of water—based drilling waste mud, the pot experiments were supplemented with a
gypsum treatment. The experiment was divided into a control group, the mud group, and the mud+gypsum group. A crop of sugar beet was
planted. Results showed that the application of different amounts of waste mud to the two types of soil did not lead to salinization in the
absence of gypsum, and that the clay content increased while plant evapotranspiration decreased. Adding gypsum decreased soil pH but
increased soil salt content significantly and prevented crop growth. In terms of the latter, pots containing soil with the 8% waste mud

content saw the best sugar beet growth in both types of soils. After 40 days, the height of the sugar beet plants increased by 41.59%, their
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leaf area increased 2.43 times, their biomass increased 3.54 times, and their leaf SPAD value increased by 58.18% in sandy loess. In loam

loess, the plant height, leaf area, biomass, and SPAD of the leaves increased by 1.75%, 32.03%, 14.59%, and 27.65% respectively. A

certain amount of waste mud has a positive effect on the soil physical properties, and thus the growth of crops. The results indicate that

water—based drilling waste from the oil and gas industry could be used on—site to improve coarse soils and decrease the cost of waste

drilling mud.

Keywords: drilling mud; clay; gypsum; soil; beet biomass
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Table 1 Basic properties of the testing soil

L WL U s e

b L
b Sandy  Loam diibn Sandy  Loam
Index Index
loess loess loess  loess
W% 81.25  70.26 || Fr#hit/(g-kg!) 117 1.06

Fyhi/% 9.66 1672 || HHLFE/(g-kg') 668  9.13

Fihi/% 9.09  13.02 || HIELH/(mg-kg')  83.50 180.03
AH/(grem™)  1.61 1.48 || WA/ (mg-kg?) 1540 50.23

pH 8.04  8.13 || AR/ (mg-kg') 2296 19.40

F2 HBKBEEFHFHRRERMER

Table 2 Basic properties of water—based waste drilling mud

FEF5R Index P Content|| f8FFIndex 5% Content

WA/% 10.26 K/(mg-kg™") 0.03

kL% 36.61 i/ (mg-kg™) 291
Fki/% 53.13 #5/(mg-kg™) 19.90
pH 8.37 #/(mg-kg™") 88.10

T/ (g kg ") 6.01 i/ (mg-kg™) 0.27

FHES T2t/ (emol - kg) 2790 || &%/ (g-kg™) 1.90
HHUF/ (g-kg™) 117.20 || 48/(g-kg™") 0.10
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Table 3 Effects of gypsum content on pH value

TiF ¥ i Gypsum content 0 1% 2% 3% 4% 5% 10% 20%

30%

pH 10.11 9.50 9.03 8.50 8.70 8.51 8.70 8.62

8.80

R4 KGR

Table 4 Experimental treatments

3T Soil type 44 Group Kb F Treatment 168 Detail
1 X HEA 1 CK1 Y# 12,50 ke
T 1(SM) SM2 Vh#E 4 2.50 kg+72 2% 0.05 kg
SM4 Vh#E 4 2.50 kg+22% 0.10 kg
SM8 b+ 2.50 kg+I 3% 0.20 kg
SM12 7h# 2,50 kg+1 3% 0.30 kg
VeI -+ 4 1(SM+) SM2+ b+ 2.50 kg+ 2% 0.05 kg+ A1 H 1.50 ¢
SM4+ 7D 1 2.50 kg+JB3K 0.10 kg+£17H 3.00 g
SM8+ VP 1 2.50 kg+I8 3 0.20 kg+ £ 6.00 g
SM12+ VP4 2.50 kg+I8 3 0.30 kg+ A1 9.00 ¢
Wt X HEZH 2 CK2 HeAp 1 2.50 ke
P 2(LM) LM2 W4+ 2.50 kg+723% 0.05 kg
LM4 A 1 2.50 ke +I3K 0.10 kg
LM8 W2+ 2.50 kg +J8 0.20 kg
LM12 W4+ 2.50 kg+I8 3% 0.30 kg
Ve + A1 24 2(LM+) LM2+ W1 2.50 kg+I8 3 0.05 kg+ A 1.50 ¢
LM4+ HEp 1 2.50 kg+I8 3 0.10 kg+ £ 5 3.00 g
LMS8+ A1 2.50 keg+IB 2 0.20 ke+ 414 6.00 ¢
LM12+ A1 2.50 keg+I 2 0.30 keg+ 4171 9.00 ¢

TE - RPN TR S A

Note: The mud content in the table is calculated based on dry matter basis.
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B AN T 4.01 3,18 4N 43 5, B0 AR X v o
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H 24 2% W0t Bl 25 V8 3% & 3 , S BRIk 3
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Table 5 Effects of mud on soil pH and EC

Kb FH Treatment pH EC/(dS-m™) AL Treatment pH EC/(dS-m™)
CK1 8.03+0.07d 0.17+0.02f CK2 8.13+0.09¢ 0.22+0.03e
SM2 8.30+0.07¢ 0.22+0.01f LM2 8.35+0.07b 0.34+0.02d
SM4 8.31+0.08¢ 0.30+0.01e LM4 8.40+0.08b 0.36+0.03d
SM8 8.54+0.10b 0.44+0.05d LM8 8.43+0.03ab 0.58+0.04¢
SM12 8.68+0.07a 0.54+0.04c¢ LMI12 8.54+0.06a 0.64+0.08¢
SM2+ 7.86+0.08de 0.31+0.03e LM2+ 8.07+0.07cd 0.39+0.08d
SM4+ 7.84+0.07e 0.50+0.03cd LM4+ 8.00+0.11cd 0.59+0.03¢
SM8+ 7.86+0.07de 0.99+0.05b LM8+ 8.02+0.10cd 1.07+0.08b
SM12+ 7.76+0.06e 1.42+0.07a LM12+ 7.97+0.08d 1.44+0.05a
TE : (A AU/ ING PR R A B 22 5 3% (P<0.05) , R I
Note : The different lowercase letters in a column indicate significant differences among treatments (<0.05). The same as below.
http://'www.aed.org.cn —425—



KA FREMEFH £ 385 - F 34

37.44% ik 3 B E K-
2.2 RN 4R X Ef 3 A K Y R i
2.2.1 FitSEkRE

it AU IO B Rk e B A B R (141 3) , P RD
- B SRR R G Sy e S A S YRS+ B A > X
M4l . DAY40 5 DAY20 FHEL , Je 28 4 1 A KU i
U, HLURIR AR = 3 X g e s+ B AL

Y+ DAY20 B, B VeI S, Je K 4l 1
PR S P K A [ SM2 4b, 5 CK1 2% F 13k 3 i
FK, e KA B AE SM12 b B, Rk 5 b CK 1 4
TN 25.26% . X R A TS+ FF 4 1 Bk i e i #a
Fhaoe, SXTER AR E . DAY4ORT, e 4l 1
R IOE () 8 38+ 20 1 35 52 IR 3G ka3, e
13T CKL B B8 E KT e+ a5l 1B
SM24h, 5 CK1 22 4% A ik ) B K.

W4 L DAY20 I, Y 3¢ 20 2 St fin s i THa
Ve I+ 20 2 SRR H, I A F Y 1B 5K T

CK2., DAY40 M}, I8¢ 4 2 ¥k 2o in i BRI L & ok
B PRAE LMS AL 3, 5 CK2 AH EL 34 hm T 1.75%, {H 2%
SN E N TR A 2 Bk TR HR
B 5 E AR T XS B
2.2.2 Hlt 3BT

Ve 2% 41T A Ak B AR R 387 v AR X L ) T
W+ B4, 1D FH5E DAY20 A DAY40 HUEE
gERL R PR AL 1 35 T CK1 Hak 3] 8 3% /K-, SM8
AbFRM TR R K, 5 CKAHEL A3 33N T 46.64%.2.43
fi5 o XN BRI+ B AL 1 H SM12+4b H T AR K
e CK1 43531 T 3.86% (P>0.05) . 1.15 % (P<0.05) .
TeIK 4 2 45 A FRAE DAY 20 B ¥ T CK2, A 5 B 2
7K s DAY40 B LM8 A BT AR K, b CK2 35 im0 T
32.03%, iK% B E K- R IK + A B 4 2 IR
A TR B KT CK 2,
2.2.3 WL ZAAXT i (SPADfH)

Jit AT 3 % B S F SPAD L H AT B 8 i (14

100 d ¢ b a a c b a a g f de be a e cd ab a
7R 77 /R 77 VAV 17 %,
R R/ 2 U U VA oas
g C\"bé\%\_.{___/h/‘ “f\"g“\/_/. . < é‘é\é_éz/f@\#\ﬁ_z %ﬁx{%c.lay
2 80 =l [ |8 a| L] ab| [ab abl hbd [ab] [ [be| [ab] Ta Ik Silt
z al Db =t | b | T =1 S b ki Sand
: e NN N i R SRR
s 60f cd:deea be ef| 1T
;‘ﬁ
£ 40t
2+
=
Eﬁ 20
i‘zj
I
Z 02 2 o2 2 & % & & S 222245248
o n o n n o= = = = = o9 2 4 = = = = zZ
woon n N = 4 3 O 4O =
" |
AL FT Treatment

ANNE R F R AR BRI 22 57 B35 (P<0.05) , R[]

The different lowercase letters indicate significant differences among treatments (P<0.05). The same as below
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Figure 1 Effect of mud with different content on soil particle composition
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Figure 2 Effects of different mud contents on evapotranspiration
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Figure 3 Effects of different mud contents on plant height of sugar beet
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Figure 4 Effects of mud content on total leaf area of sugar beet
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Figure 5 Effects of different mud contents on leaf SPAD values of sugar beet
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Table 6 Effects of different mud contents on biomass of sugar beet (g)

AL EE Treatment DAY20 DAY40 A Treatment DAY20 DAY40
CK1 0.80=0.07cd 0.9920.16g CK2 1.42+0.38a 2.810.16abc
SM2 1.08+0.18abc 2.85£0.18d LM2 0.72+0.46bc 2.61£0.24bc
SM4 1.20+0.12ab 4.02+0.12¢ LM4 0.92+0.08bc 2.33+0.34cd
SM8 1.3320.14a 4.49+0.13a LM8 0.98+0.17b 3.22+0.20a
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